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CHAPTER I 


NATURE OF ANIMAL AND 
VEGETABLE OILS AND FATS 
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,, "Vegetable Fats and Oils*” iTondoHj 1S97. 
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L. L. LAMBonpf.—“Coilon-seed Froducti." New Vork, 1904. 
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" Huiles Vcgttalev,” Park 1905. 

W. 1 >. Eitni.v—" Linseed Oil and Other Seed OjI.” London, J901* 

Jr Bannova—"L inseed Oil and Varnish Manufacture." New Vork and Chicago, 1897. 
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if u K ST and S r M .M o^ s, —* * Text 1 le Soap^ and i Jik " London, 1914. 

Boot polishes are dealt with by L Amu^s in "Sticfelwichsc," Viennn and ].cipzig, ryoaj 
“Mudemc Sebuheteme u. jRedcrpuUiJiiUcl," 1911. Beunnku, " laihricants* Stove ['oltsibcs, and 
Leather Dreswngs," iRondon, 1902. For “Lubricants," see Martinis “Industrial Chemistry: 
Organic," under "Mineral Oils, Lubrication." 

INTRODUCTION 

Fats and fatty gils occur disseminated throughout the tissues of almost all 
animals and seeds in the form of nji' ;te globules enclosed within a thin skin, 
forming a reserve food for the oigauisir. Pressure alone will not usually suffice to 
break up the animal fat celll i the tissue must be heated when it shrivels up as it 
loses water, while the increasing temperature causes the fat globules to expand, 
burst the cell, and Sow out as a liquid mass. In the case of vegetable seeds 
pressure alone often secures the expulsion of the oil, although here, too, the 
operation is much facilitated by a gentle beat. * 
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OILS, FATS, AND WAXES 


Tlic diffcfence bciwocji i fatly oil and a fill i« merely one of pUysiical copditiim dae to 
tempcraiuro^ an oil freezeJt into a fat, and a fat melts to lU) oil. In a warm cLi\nal£ a lubatance 
will always appear ah an “oil,” wliercas Ihe same Irndy will appear to llic InfiafiiUats ofM colder 
dimefas a solid fat. Tima, ft»r e^amplct coco nut oil is liquid in India but solid in England, 
wbere it is used by i ojjetaHans in place of butter. As previously explained^ “ mineral ” oils arc 
{|ujte ililfereni in chemical cbaracier tri a vetsrtitblc ftt animal oil. 

Chemically consfdoTcd,' fats and fatty oils are bodies produced by the chemical 
utiion of glycerol with fatly acids. G/jrenii is a trihydric alcohol,' of formula 
Cr,Hj;(OH)3. It is capable of combining with thr^^c molecules of fatly acids to 
form ** triglycerides/' thus:— 

.on .OK 

(■,11,011 I V*^-01l _ CjHvOK H 3H..0 

.on .OK 

OlyCcroU TfllLy TriiilvLerlilc W^t^r. 

urrxM) Kcidr 

Where K stands for ihe radical of tlic fatly acid. 

Fats and fatty oils arc merely mixtures of these Iriglycendes of the fatty acids. 
The three glycerides which usually predominate in most fats arc solid tristearin, 
solid iripalmitin, and liquid triolein -the respective glycerides of stearic, palmitic, 
and oleic acids. Solid fats usually contain much stearin and palmitiii, but little 
olein ; liquid fats, on the other hand, cimsisi princijrally of olcb. Other fats and 
oils exist linseed and aistor oils) which are composed glycerides of other 
acids than tliosc mentioned above- append a list of the firincijjal fatty acids 
occurring in natural fats and oils, together With llie names and fomiukc of their 
triglycerides. 


Aciil. 


piirniic ■ 

Aemio ' 

Pl^tpIcUMC 

Kulyric \ 

(mirmnl is^O ^ 
Vak'Tic \ 

luoriii.d iso) j 
CapnUt’ 
AL-tli.iullivbe- 
f’wpjybc 
Pctlargi>tuir - 
t'jipric - 
Umicrylic 
l.^iuiic ■ 
■JViilctylic 
MyrisUc 
Fetiladecainic 
Palmilic 
Miug^iric 
Stearic - 
Nundecyhe ^ 
Atacludlc 
Mcflullic 
liehonic 

CaFiiAitbic 

Hynenic 
Cerolic - 

Melisstc 
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Fai'iv Acids anu tiikik Triot.ycekides. 


SaUirain'd Addy of ihe Acdk Sfrivs. Ci,H.j„,^.COOH, 


l-'ormiiL. 


M.P. 

rt\) 


Kt\ rt- M 


t 'oTresfiuiidiTig 

(jlycctidc. 


I'drmuU. 


ii,t'( ion 

ril..('( )OlI 

i ,.n,.cooii 
0 , 11 ,.coon 

UOll 

i\ii„.ooon 
rj 11,00011 
(Vni'.('0^»n 
< ,M|;A'OOH 
<\,Iij„.fOO[i 
(\„Ib,.('( KUl 
(■ jon 
t'..n;.oonii 

( ^llaVt'OOM 
OJ]„,OOOH 
,.00011 
(■„ll,-..CX)OM 
■0,JT:rt.C'OOH 

io,:,ii;,,coon 

:(’ji^,.00011 

t:.,^lLj,,.C0011 

t:.:Uj^COC)lI 

'r“n^,t00H 

i't,MA'oon 

cvi,(,.oooa 


S .3 ! 
S ! 
■ 2 S.D I 

I 7-^f I 

1 rn,o : 

t 5 l^-S 

I 5 ' o f 

S.O ^ 
lu Cl ' 
lihS r 
J2.S ! 

.PJ 
zii.u i 

' 

40 s 

5 J 

5i.n 

(J2.0 
(».□ 
69 3 I 

U0.51 

770 


7^-5 


775 

7^0 

91.0 


lui 

llS 

ihi 


^54 

iHS 

174 


} 

1 


205 

22j 


5 i 7-5 

iNu’i 
200 j 1; 
2 t2 I ? 


223 

24 ii 


257 

2(>t! 

:!77 

2S7 

39S, 


s 


306 (60 imti.) 


rWriiiri - 
Acclin - 
iVippiuiim 

J>utyriii ' 

Vjltinn ' 

n.ipriim - 
AtilhiiMlbyUi^ 

('ajirylm 
Pcrlatgipuin 
t 'a\ tr'm ■ 
Ihulccybii 

ivLuinn - 

'I'ruiccylin 
L Myri'.Uii 
I'cut adeem din 
! Palndtin 
: Oalurin - 
: SiL^rin - 
i Nomlccylin ’ 
' Arachtdiii 
I MeduUm 
I Bell nin - 


OjytblH O). 
<’,11,(0 ('lljOOh . 
C;,M,,(0.('JIj,r0)., 

<’,Il,(O.0,nvL0)j 

C:ll|.{0.CJl.,C'O): 


(■,11,(0, 

0 |lb,(0, 

t'JUtl 

C,lI|.fO, 

<'.d 

CJT.(0. 

cM,iO. 

r,iuo. 

f’dMO. 

i'JhiO. 

cjuo. 

CAhiO. 


i\]\,,VO), 

<Vh.,CO), 

«'!.H„COb 

c,jH.,c:a), 

CuM^ro),, 

c„n,„co),, 




PATTY ACIDS AND GLYCERIDES 


S 


UnsaiutaicdFatty Adds af the OleU Series^ C„H^„,iCOOH. 


- . 

Acid. 

\ 

1 Formula, 

M.P. 

1 rci 

1> rr\ ' f^orrciptiad- 
^ ;ingClyccridc. 

• ! -■ 

Formula. 

' Acrylic - 

■ : C 14 COOH 

: ^ 13 

140 1 

* 

(Irtironic 

- 1 C,Hjj.CXK)tI 

' 7 I-S 

1 1S0.5 i 

. 

Itn-croionic 

^ ; ('.,H5,COOH 

: 15-5 

1G9 i 

. 

Angefic - 

^ 1 C,H,.COOH 

■' 45 

1 iss 

1 . 

Tiglic 

■ ; cjb,cooii 

; 

1 

jgS ? 

1 

1 h## 

Hypogaeic 

^ {V.H,.^C0011 

1 ... 1 .. ! 

2^3 [[0mm.) 1 


i f 

Oteti 


i A 

1 

i 2,^ (super- HOlein -! 

1 heated slt-iiin} J | 

1 ' ' 

CalUO.CijUjjCOlj 


UnsaiiirnU^ F^Ay Adds of the IJnolic Series. C„H^(i_^COOH* 


Klcieosmric 

[FLaeomaF|;arir) 

} <',JU,C001l 

43 


Elaeosteariii 

t',lUO.(VI,,,COh 

LjnOlic < 

1 

\ 

\ ■ ■ 

Linoldn 


UNsaturitted hutty At ids of the IdfwUitU Series^ C,,' 

14,.^C00TI, 

Idnuknlr 

<VFLK„C00ir 

biqillfl 

... 

I^mdendn - 

j c,ih(o.<',viLH,.(:o)^ 


Un^aitfrated Fatty Adds of the Rtdmiek Series. 

Ufciiicjldc ■ 

C,-JU,( 0 iJ)X 00 il 
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Recinoleiii - 



li niiiy lie lujiiceil ,itii 1 ili[^lyccridc^j rorrc^pcjndifi|r l<i the foriuu!^ 

,<)!< .OU 

tltJlj.niT and C lI eslst in rum'ul ur jiaKially hyJmlysc^l fili, while mixed ijlyccritks ihc 
.OH .OH 

.OKt 

formula C H^ORk (Hj, Rt, K,, eorre^ipnTidhi^ Lu three difleient aeid radiraU) eerlainly occur in 
.OJO 

^maJI c^uantitic^ in certain jiannaJ fat's^ in ordinary Uitk-r-fat^ also in tallow. 

Fats aru usually iicMitral IradiLri:, but old or rancid fats oflun contain lar^e 
quantities of fatly acids, which may he extracted hy sodiuTn carbonate solution 
or hy alcohol. Old jjalm ojI^ jind sonic fish oils, often contain no Jess than 
Go per cent. r>f free fatty acids* 

While at ordinary lemperalurcs gome fats are iwhite crystal line solids, others are 
fluids, fatty to the touch ; all jiroduce jicrmanent grease-spols on i>aper^ they are 
insoluble in water, sHf^htly soluble in alcohol, easily soluble in ether, benzine, 
chloroform, carbijn disulphate, and carbon tetrachloride* When distilled alone 
they dect>mpose, producing vapours of acrolein-; witii high tension steam they 
distil with jiartial saponification into free acids and glycerol. 

Pure fats arc lasteleaa, odourless, and keep for years. When, however, they 
contain small quantities of nitrogorxous animal or vegetable impurities they often 
turn rancid in the presence of air decr iposing into free acids and glycerol by a 
process of enzyme hydrolysis. Ozygeii is absorbed during this change, and the 
acids formed are often oJtdised to oxyacids, while the glycerol is also i>artially 
destroyed. In air-tight vessels, in the absence of oxygen, fats do not become rancid. 
When heated with an aqueous (but best with an alcofiolic) solution of sodium 
or potassium hydroxide, fats are completely ** saponifiedintcj glycerol and the 
alkali salt of the fatty acid, thus;— * 
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OILS, FATS, AND WAXES 


C,H,(0,CiiH»C0)i, + sNuOH = 

Triitcaiio^ CfeUhtk Sfidk- 


C,Hji(OH)3 + 3C,vHB.COONa, 
Glvccrd^ SvioiB tt£»rKte 

(ordin vY vnf^ 


The metallic or inorganic salts of the fatty acids are called "soaps.*’ 

Other liases, am:h as talced lime, macfnesn, and lead oiides, readily saponify moat fats, the 
reinlUitt srjaps, however, .being usually InstdiAile, ... 

It sbriala tie pattlc^tarly noticed that tbe alkali carbonates, such as sodium or potassium 
carbonates, will not saponl^ fats even when boiled with them at ordinary pressures. iJeated under 
high pressure in autoclaves they readily saponify. 

Statistics Relating to Animal and Vegetable Oils and Fats Imported 
INTO THE United Kingdom. 


Quantities. 


J916, 1913 ' ; 191*- 


I* fish: vw.,lra(n, blubber, sperm,! RfW. 

fa head mutter - ^ ^ J ^ 7 » «* | 

animal. Cu'ti. 124,324 ' 

cuco^nut: unrefined' „ 622,iioi 1 

„ refined - . . „ S 4 <». 742 1 

mmeral jelly tincluding vaseline) ,, 19,626 

olive: nnrefinnl - - 7un^ 

„ refined - - - - „ 6,163 

palm {not including palm-kernel \ 

oil), unreRned ■ ■ ■ Cvt^s, J 1,562,203 

ptilnr-kernel, unrefined - - „ ) 

|Hlni and pnfm-kemH, refined * ,, 5^1^30 

petroleum— 

Crude. GA/Uftf 1,108,900 

Lamp oib - - - - ,, ]57,]4[,24] \ 

Mo^tr spirit - - - - „ /oo.^StOij 1 

Spirit, other than motor spirit ,, 270 j 

Lubricating nils - - ,, 67,962,493 

(Gasoil.„ 65,949^677 I 

Fuel uj| . ^ 05,062,1871 


4 I £ i 

108,867 LSoK, 4 i 6 3*4934741 
51,776 298,026' 120,270 I 

422,435 1,342,469! 1*^187,3131 

154*943 1*316446' 4641723; 

41,865 45,322 87,390 

5,374 130*191 *7^47*! 

5,180 385*357, 344*307 

1*243,556 2,326,842! 2,198,984 

141*967 i 


l 855 

127 * 339*777 

f6l^4i 0,^24 

83-167.754 

57,074,5^ 


14*746 

2,679.518 

■ 

46. 

2 > 47 “* 5 I 4 
735*388 : 


*3.071.394 I 
9>974^^S I 

I 

5*^5413 j 

1,064,824 I 


Other sortfi ■ 
seed— 


*4.178 1 

'S* 43 P 

i.381 

277 

Caslor - < - 

71 m/j 

1*399; 

5*701 

41*875! 

249.125 

28*574 

(Rollon ,secd oil: unrefined 


1*070; 

712 

31 . 74^*1 

,* „ refined 

Linseed uil— 


16,586 1 

1 

10,098 

55 * 1*77 

516*227 

Vntt - - ^ . 


n*H66i 

6 

31(^.157 

f6o 

Not pure - 


22 1 

3 

513 

75 

Kape-seed oil 


7 . 599 ! 

7*989 

222,556 

307 . 3 J 3 

1,884,805 

Other seed oik 

' iv 

- Cw/n 

20,380 ; 

48.471 

767,810 i 

turpentine 

etocnlial— 

560,330: 

430 , 7 *to 

768,800 1 

903.384 

Natural 

- Lbs, 

2*323*34*^ 

2 . 549*339 

555*376 ; 

633.7S9 

Artificial 

■ Faiw 

260*638 1 

221,243 

3 S* 6 t 3 

48,485 

unenumerated ^ 


129*407 1 

195*794 


Total of oil 


21.773*674 3**615,464 


Oil seed cake, cantaintngnodutblde 
ii^redient— 

Cotton-seedcake - T^nt 

Linseed cake - „ 

Kape-seed cake - ■ ' « 

Unenuuierated. - - - ** 

Total of oit-:ieed cake - 


Oleo-margorinc or oieo oil, and\/4 . 

refined tallow - ■ .jCtvri* 


191,99s 1,407*0*3 2*017,790 

74,418 1 626*118] 937*31* 

734 156 , 59 * 7tHI 

16,850 350 ^^ 59 ; 153*704 

a«3i997 a*S39i89*| 3.iiS*947 


650^584 I 8^*130 2*086,489 i 


377*557 





stat/st/cs of 0/LS 7 

Supe^eated steam or hot acids "hydrolise” fats into glycerol and free fatty 
acids, thus:—‘. 

c;,H,toc„H;,„co)j + in/) - c,h„( 0H)3 + 3C„nj,(.cqoH 

Ttulclrlik Waler, Olyupt^ ^tcbrlC tcul. 

fitmiciits pesenl in seeJs (e^i^ctally in cA'sfor speeds} reudify ‘4}fUt fals into glycerol and 
, fktty acids at ordinaiy tempemturcs. See under Candles* < * 

The fats and fiity oits are used fisr making candles, luLiricants, varni^ibe^*^ []aint^ for 
burning ih lamps, nnd for edible The industry h an enf>rminij^ one* 

Fats bu.ve been artiricially syntheai^L'd ; for recent work see Gntn anti cullabitrators, Btr^, ^907, 
itk, 1792'iSo], and later 

The following numbers refer to the Exports from th'* United Kingdom:— 



fjuan titles. 

Valxies* 


I9n- 

1 

igrO. 

l9n. 

1916* 

C)[LS, KKI’EIT MlUnt^lNAl :- 
f ]QCU-nut: unrefined - 

rt;f[nt.nl - - - ,, 

Olive: unrefined- - ' 76 tt%. 

refiTiLtl ,, 

Fulm and palni-kernel: niucrint-d Cwh. 

i trtined - *, 

62,067 

20 

ZOpt/k"! 

iS.ibif 

I3 tS^ 

39>293 

S 

20 i) 

60,799 

30,232 

14 J .777 

J>iS 3 

45.487 

4J>og6 

24,169 

j^ 29.S39 
[254140 
' 444 
33.932 

136.458 

58,224 

Seed :— 

Oastor^. 

Oitlfin-beed oil T unri-fmcfl ,, 

Tf'tllK'll - - i, 

1 Linseed nil: pure - - ■ 

j mit pure - ,1 

L KajW'Secd oil - - ■ - >1 

Httya beun oil ' - ' 

1 Other seed oil 

]o,SiS 

2 b, 7 jiK 

3. in 

5.390 

2 t 2 ii 7 

3,084 

17 ^ 

2,407 

23.351 

1.443 

3-940 

4pS54 

T,620 

301.839 

>5.453 

755 ' 0 S 3 

744.150 

86,6X3 

175.84^ 

294.238 

t>J,240 

4 175-321 
6.327 

]oi,T97 

971,806 

S 6 .H 5 

180,327 

182,415 

70.476 

1 Total of seed nils - - „ 

! 

8j,7iio 

40-570 

j^2.484,532 

^1-743.984 

i EssentiaL - - ■ - I.hw 

1 U nenumeraved - - - f ff/ffc* 

,i(>3.7li7 

536,482 

N],f]0 

1.4S3.286 

177 . >09 

1.671.994 

Total of oils ' ,, 



I ^1,462,505 

j^3.976i824 

j OiL'SiiKii Cake, ncpt Swrri kmeu 
Cothm-sced cake . - - - 

1 Linseed cake - - - - 

Kape'Seefl cake - - ' - ip 

Soya bean cake 

Unenumeraled - ’ - ,1 

7 p 76 a 

0,149 
970 
29'903 
8,604 

] 1 

Ox 

3.RJo 

1,648 

i 36.038 

47.394 
5,121 
208,899 
! 5^>=92 

142 

804 

38 

36-132 

I 3 -M 9 

Total nf nil-seol cake, noi.\ 

" flwcelencd ' ' ' J ** 

S3^44S 

5.552 

j ;^JS 4.344 

j^ 50 , 26 s 

OLEn-MARGARTKE AN[> ReI’INKIi) ^ 
Tali*ow a\p Animax. Fat ^ f ■ 

258,508 

74pf>S9 

' jCS26,466 

^223,076 


Included in ‘'Other seed oil” priortn 1913. 
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CHAPTER II 

MANUFACTURE OF ANIMAL 
OILS AND FATS 


Animal Oils and are usually obtained by locating the tissues rich in oil 
or f&t, so as to cause the bursting of the fat-ci>nCaining cell. 

Tallow (beef or mutton fat).—I'he rougli fat ” fresh from the slaughter-house 
is placed in a lead-lined tank provided with a steam coil for heating, and an outlet 
|iassing to a chimney stack for the escape of 


' offensive vapours. Mot water is poured on to 
the fat, and tlie vessel and Its cemtents heated 



for some hours by the steam coil. On settling, 
the melted fat rises to the surface as a dc.ar 
layer, and is drawn off through outlet taps into 
anotlier vessel, ['he fat is rmyt ready for use, 
unlfjss when made from inferior materials, 
when it must be refined and bleached as 
described below. 

'I'he residue of fatty matter left in the tank 
is acidified with a little sulphuric add, and steam 
again turned on. The small auHiuiit sul- 
[jhurte acid does not hydrolisc the fats, but 
partially destroys the cell membranes, thus 
setting free their occluded fat, which is run off 
os before into another vessel. An inferior 
variety of fat Is thus obtained, 

'fallow for 5oap-making (but not for 
comestible purj^oscs) is rendered in digesters 
under pressure. Fig, i shows one of the large 
modern rendering tanks used in the American 
packing industry ; made of riveted steel plates 
and i^fiable of standing a working pressure 
of four or five atmospheres, the largest ones 
arc.8 ft. in diameter and 20 ft. high. They 
ate [provided with safety valves, and discharge 
Ihtimgh a gate valve at the bottom, 'I'he 
tank is filled to within a fo<jt <ff the junc:tion 
of the u])per cone and the cylindrical portion 
of the vessel—the material (in Chicago) often 
consisting of putrid carcasses of aninja'' which 
have died In transit^ diseased flesh, aim other 
waste products unfit for comestible products. 
Then live steam at 40*50 lbs, pressure is 
turned on, and the contents of the boiler 


5 


B 



heated for eight to ten hours or so, the internal 
temperature being maintained at i3o‘'*i4o*' C. 


Km, I,— Packers’ Kendertng Tank, 
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Two air<cocks carry away the offensive fumes evolved during the hcafiog, , Finally 
the steam is turned off, the vent-pipes opened to allow the steam in the t^ks to 
f)]ow*off, and the fat in allowed to settle. The clear liquid fat floating on t^e 
surface of the water in the tank is now drawn off through the top draw-off cock, 
^imd, as the level in the tatik subsides, through the lower ones in succession. .Finally, 



water is pumped in from below, sf> iis to raise the level of the fat (which, of course, 
float.s upon the water) so that it too may be withdrawn through Ihc stop-cocks. 

Last of all the valve at the bottom of the tink is ^)eiietl, and the contents run 
out into a series of'settling tanks and catcli basins to retain fat globules still in the 
water* A sludge settles at the bottom of these tanks ; it is drawn off and pressed* 
The liquid running from the tanks flows into evaporators (vacuum, triple effect) 
where y; is boiled down into a thick "soup*" 'I'he sludge press^cakes are now 
mixed with this, and the mass sold "Tankage Fertiliser." 
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LARD, OLEO STEARIN, AND OLEO OIL 

M&nufacture of l^ard^^Lard is the fat of the hog^ which is separated from 
the slaughtered' animal and worked up as dcNcribed above. It is refined by treating 
wuh fuHer^s earthi passing through a filter press, and cooling by tunning wer 
roiaiitig drums chilled internally by cold water or refrigerated brine- 

Fig- 2 shows a typical lard'refining pUne ThiT crude fat is inoU^ lif the iron UnU (i), 
whence it is run out into the muting pot (2), when 1-5 por cenu of fuller^^ earth U run in (the 
exact amotinl depending ujxm the quality of thtr fat treatedand the hi}i mehed fat is agitated with 
this for a few minutes and 1$ iht'n run through a filter press (3) to free it from thu fuJIer’h earth. 
Then it is nm into a collecting tank (4K whence it ritn down a pipe (5), and enters a boriEontal 
perforated pipe at the bottom, whence the Jiot Unh at aliout 140' pours out into a sheet-iron 
trough ( 7 }- Here It IS caught up In the form of a him by a rotating cooling drum (8) (thiougb 
the interior of which a stream of cold water circulates, the watc entering through the axle of the 
drumh Tlie fat film caugJu u]i on this is jiartblly cooled, and passing over the drum is acraped off 
hy a knife (q), which is kept pressed against the rolaling drum by a weight (lo)^ The parUally 
cooled fat now runs into another iron tray (i 1), and is once more caught up and carried round as a 
film on the jturfacc of anMher rotating drum (i^Mlhis second drum being filleil with chilled brine, 
which enters the drum tl- ' 'he centre axle)- Here the final cuoMng U achieved, and the almost 
solid fill is carried round on the surface of the drum and icra|ied off by the knife (T3I, which is 
kept prcsscrl LigliLly again'^t the diuni by the weight \ 14). The soft, partially !>olidified fat drops 
inlo the conveying Trough (r^b wheir it i*. hrukt-ii np 'ind movt-d ah mg Isy the blades of a conveying 
shaft running along the centre of the ti^iugb. The fat is still fluid enough ii} pass clown the pipe 
(i6)j whence it h pumjad hy the pump (17) up the pqic (iS), and thenee to the outlei pipes (20, 21, 
and 22). From tliev; it is drawn off m weighed amounts into the rcecptirirL vessels below (23, 24, 
and 23). (19) a salely valve in case the pipes get blocked up with solidifir^l lard. 


Manufacture of Oleo Stearin and Oleo Oil from Beef Fat 

'I'hc fiLt frum tln3 ret't^ntly slaughtered animal is rapidly removed and plunged 
into a vat) and washed with warm water until free from hlood and other impurilics, 



Jiaidened by immersion in ic^ water, chopped into a fine mass by a jtiachme a (Fig. 3), 
and melted at C. in a sieam-jackcted pun «, provided with slowly moving 

mechanical agitators. The mass is allowed lo settle, salt being strewn over the 
surf^e of the liquid in order to accelerate the settling out of membranes and con¬ 
nective tissue (which collect at the bottom). Next the clear oil is siphoned over to 
another series of melting kettles, c, usuajly situated on a lower floor. More salt 
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is added^ and the temperature maintained at 70^-80'' C* until a second settling is 
complete. The fat, now free from membrane and connective tissue, is siphoned 
inl<f Bbaliow*setllin(5 tanks and allowed to stand three to five days at a tetftperaUire 
(peculiar to each fat) which exi^criencc shows is best suited for allowing the stearin 
to crystallise. This-stearin forms a*crusi over the surface, and the rest settles at 
the bottom, leaving a clear oil between. The crysullisation completed, the crust 
is broken into fine fragments by vigorous mechanical stirring, and the pasty mass 
thus obtained ('onv^:yt3. to a revolving table surrounded by skilled workmen, who 
wrap the mixture into small pac kages in canvas cloth (each cemtaining about 3 lbs. 
weight), place them in hydraulic presses, and se[iarate the oleo oil by great pressure 
slowly applied. The oil flows from the presses into large receiving tanks, while the 
solid stearin remains in the press as a cake, which is mixed with cotton-sced oil, 
and used for making lard sul>stitutc. Thu oleo oil is converted into margarine. 

Caul fat yields about 50 i>er cent, oleo oil and 30 ))er cent, solid stearin, the 
precise yield varying considerably according to the tcmpcraiure of pressing, the 
amount of tissue, and the ijuality of fat. 

i'*or RUCceSK in this inrhislry il is al]So1utf;1y t-sstnlint that the fat he F]htaini;[l from the animal 
soon aflt:r death as jMjssihk- [n (he United htatc^i th« works arc actnally siiuatcrl in the slaughter^ 
houses, so that the animalb arc treated immediately afEcr slaughieuri^. 1 *hf industry Drigifially 
developed in llngland. Imt owing to the ncGleci of this simple factor, and the cinisef|ucnl necessity 
of carting the flesh ctver long di^taticch ttj the (actories befnre treafing, the quality of the product 
produced under such conditions could not compete with the American product, and consequently 
the centre of the industry shifted to the large slaughtering depots in the United States. 

Lard Stearin and Lard Oil arc obtained by treating hog fat (lard) as above 
dcscrilKsd, 'rhe oil is used for iiluniinating purposes, and the stearin for the 
manufocuirc of lard compound and soap (see [xige 176). 

Fat from Garbag^e. —In large cities a considerable quantity of fat for soap-' 
making is made by heating sewage or garlxtge in upright steel tanks of 6 tons 
capacity with live sieain at 30 lbs. pressure for six to eight hours. The mass is run 
into vats, allowed to settle, and the free water and grease floating on it are run off 
by droi^-pipes into separating tanks. 'I'he sludge is filtered through cloth, and the 
cakes of solid matter compressed and sold as manure. 

Fat from Offal and Carcasses. —I*^or this puqiose a combined steam and 
vacuum jiroce^s Is often employed, es[iecial1y in small abattoirs. 

The in^stEiUaiion cuiisijttR uf ^ large digester fur the condemned cKreasse;; Urge ofUL, nnd a, 
smaller one for the smaller scraps. Large top doors permit of diseased carcasses toeing loailed in 
thus avoiding coiitamLiiaUun in handling. All fumc'i and gases arc drawn olT under vacuum, 
which nut only assists in breaking down the fibres of tlic meat, etc., hut permits the foul vaixiurs to 
Lc cflicieiitly condensed 111 water, thus rendering the juiicess free from nuisance. The liquid due to 
the steaming in the digestor* together with the fat, ts blown into the closed separating tanks. In 
Lhe.sc tanks the soup is sepoiated by decanting swivel P4 k:s, and the fat puriJied by a steam and 
water wiLsh. 

The s(mp may be eva^Hirated and thus converted inlon useful for use in paper and cotton 
mills. The teniduo in the digesurr is dried and sold for poultry food. 

Another successful method of treatment is described on pages 16-20. . 


Recovery of Grease from Wool Washing, Flannel Mills, Etc. 

(Yorkshire Grease, Wool Grease, Wakefield Crease, Lanolin, etc.) 

I^rge amounts arc recovered in Yorkshire, especially in the neighbourhood of 
Bradford, as follows: The liquid flowing away from the woollen mills contains much 
grease. Before spinning, the natural grease of woolls removed in the form of an 
emulsion by washing with sodium carbonate solution or soap. The fluid, which is 
usually of a dark, dirty appearance, is allowed to flow into large tanks. Next an 
acid sg^ution (usually sulphuric acid, but more recently acid sodium sulphate, 
derived from the manufacture of nitric acid, and sold as ‘'Nitre Cake,** has been 
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employed) isf mn in. When tliu liquid is acid ihe grease separates as a dirty sludge. 
The liquid is 'now allowed to run away through cloth hlters; which r^in the. 
separate grease, * 

Id lar^worlts thegreifse is recovered I>y pampiw the fluirl thrdu^h filler prie^ses. In smaft 
W[irl($y however, Xht liquid is limply run through cloUt baj^ip which rtc then sr^ueczed in pfcssci * 
to remove excess of water, * 

Since the process of wool washing gives rise to very large volumes of waste , 
liquors containing much free and combined fat, complications ensue when these 
liquors are run off into sewers. In the case of Bradford, 12,000 per annum is 
expended for sulphuric acid with which to scp^irat'- the fatty matter from the 
sewage (see foum. Chem, 2 nd,^ J909, xxxviii. 14). The recovered fatty acids were 
sold under the name Yorkshire grease or Wakefield grease at ;£6 per ton* 
and 40 tons per week are recovered from the sewage. In large wool-washirig works 
the suds are treated running to W'asie, the grease being converted into 

lanolin, soap, and lubricating oil. In a works of moderate si^e 50 tons of grease 
vrere obtained monthly, and sold at to j^ro per ton. 

The crude grease thus obtained is purified by various patented processes, and 
brought into the market under the name ^'lanolin’' (see also p. 141). Yorkshire 
grease from wool and soap-suds is often purified in cast-iron stills, at first over an 
open fire (4 tons of grease requiring sixteen hours), and finally fo twenty to twenty- 
four hours With superheated steam, 'I'hc product is known as Qi&tillftd grcflSC 
(see also p. 141)* 

The Liquids run m waste contain larj^e amounts ul ptUihfimm sfl.lts. So far ii has not been 
prnfilatrie to rcciAor them. In Au'itralia nnd olher sunny counlnes natuial cvaj^oration of tlic 
waste liquids might yield a commercial [iroduct. 



F:c* 4,—**Iwer* Rapid Fal Melter, 
{Induftriiil Walt* iLlbnlntiof^, Ltd.) 
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Fat from Slaughtef'house Bje-products, Food Scraps; Bones, 
Kitchen and Camp Was^e. 

See IF^ E. m “The W[jrlirs WyrltJ* Nriverniier p. 490. 

Very sueres'sfurplant made for iKis purpo^ie by the Industrial Waste EUmi- 
natOTS, Ltd.f of Ixihdon. The meat trimmings are first placed ([>y means of the 
charging hof^fier h) .in the fat-mdiing boiler (h'ig. 4), which is a steam.jacketed 
horiKontal cylinder a, where by means uF revolving J;icaters o the material is carried 



Kn’, 5.—Turbine -Cenliifuga .1 FiU Evlrticlor. 

( 1 n(lu!>Lr]AL Wa'stt; Klimiiuiturs, k.iJ.) 

Ucmoviiblc iKa^kcl ncit shciwn in thb figure. 

around the ht ated inner surface^ and in this manner the moisture is evaporated arid 
the fumes draw n away by means of a fan attached to the fume outlet C. The fat is 
thus rendered, and the lirfuid fat thus obtiined is nfn off through the fat disci^arge 
cock j. A pressure of 80 lbs, is maintained in the steam jacket. The boiler will 
hold 15 cwt. of scraps. When all the melted fat possible is discharged through j, 
the dpoT F is opened, and the solid residue is removed and placed in a turbirie 
centrifugal fat extractor, shown in Fig. 5, This consists of a steam turbine A 
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directly ^tlneoted withr the steel perforated cage b, in which is dropped a remov¬ 
able perforated steel basket, 'rhis removable basket is fitted with a filter cloth 
lining. lt *is charged outside the machine with the material to be treated (two 
baskets being provided with each machine)* and is then inserted in the cage b a« 



F[fi+ 6.—Turbine Centrifugiil Fat Extractor, with ltd raised and showing 
removable pL^rfuraled steel Baskel Also Swing Crane for lifting in 
and owl the removable Ifask^4s, 

shown in Fig. 6 . The lid is next shut down and the steam turned on at c (Fig- s). 
The turbine A is driven by a blast of steam from the nozde c* impinging on blades 
attached to the bottom of the revtJlying steel cage ib The steam exhaust# itself 

3 
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through the dome D, thoroughly heatbg, permeating, and passing through the 
material. . 

'Hie basket revolves with the perforated cage n at high speed and throws out Ihp 
liquid fat witli great force, and very thoroughly, from the solid residue, the fat 
being kept liquid by the steam* I'he liquid#fat passes thtough [he perforated 
cage B into the exterior chamber F, and thence through the outlet G, where it can 
be collected in any convenient vessel or led into a pipe line* 

Bones* are usually dumped apart, and before treating are broken up in a 
'* lx>ne-crusher,’' such as that illustrated in Fig, 7, and then placed in the melter, 
and finished off in the extractor, as above described. 

It is an advantage also to slice up organic refuse before rendering, and this is 
usually performed in a machine such as tliat illustrated m Fig. 8. To the aun. 
high-spe«i shaft running in self-lubrieating bearings are fitted ffiur curved steel 
knives, conforming to the shajie of the slowly revolving howl which carries the 



Fig* 9. ^Cijmplcie Fiii ansi Ktlractiun Plant, f[>r Kitchen Waste, 

Scraps, etc* 


material beneath the knives to lie automatically cut to the necessary degree of 
fineness. 

Fig. 9 shows a complete plant erected by ilie Industrial Waste Eliminators, 
Ltd.* of London, for dealing with 20 tons of raw material per week* It deals with 
the cook-house waste from 15,000 men. Such a plant in 191O cost approxitnatdy 
£i,Boo and requires three men to work iL a is the steam boiler ; ii, the steam engine 
for driving the shafting, etc. ; c, a bone-crusher; n, the fat melter above descrilMid; 
f:, the turbine fat extractor; F, fat refining and melting tanks* 


The waste from the army ki^chen^ \s first Rorled out. Pones are dumped apart aod ircated 
separately as descriM IkIow. All vegctahle and green mailer must also nc separated from the 
meal uimminga, etc*, because the green chinrf>phyJl will jiass into ilie rendered fat arul colour it 
green, thereby destroying ils cummereial value. 

The waste or “swill," comprising scrapi; r raea . ic„ are placed In swill tubs, which ared^ly 
placed in motor lorries and transferred to ibe treating factory, 

Uere the swill mbs arc tiansferreff to an elevator and lifted ti> the floor above* to 1* dumped into 
a capeious sink to drain. 

After the swill has draped sufficiently it is passed into the fat melter D ihtough atiapinlbe 
floor of the sink mode like a hopper* The mass h heated in ii for seventy to ninety minutes, and 
the fat Tendered. Maloflornns gases and moisture arc withdrawn hy ihc fan o, and coirveyed 
beneath the boder furnace and io burnt. In some casys the fnmes are condensed* 
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Tlie melted fat it rtm ewt Tmin D into th« refining or 5ettlin| tanka r, Tbje div bonked meaty 
residizc lei^ in T> i( then lakrd nu1 into the tank Jt and is then pot thma^h th^ turbine centrifii^ 
eiUaeiori Kt which removM qtulc fib per cent* of the fat* The residue'from ET is of a nch 
chocolate colour, thoroughly cooked and (juite inodorous. It ts placed on doors to coolf^and k 
tt^Ld as a pig-food. 

It contains 6 per cent* of fat and a nutriment talue of 125 units. The stuff, being sterilised 
and possessing excellent keeping oualities^ commands a ready sale to farmers. 

The dumf^ hones arc treateo separately. They are 6rst gone over with a knife to remove alt 
the mealy mailer possdhle, next they are crashed In the bone-ermher C, and arc then placed in D, 
where somefal is mched oul, the Uilk of the fat being removed by the centrifugal extractors 

The treated swill and bones, which Includes the meat meal fmm the hones, are grourid and 
mixed in certain projioTlJonii, and suld as poultry food. 
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Recovery of Oil from Metal Turnings (Swarf) 
and Waste Rags, Etc., in Engineeiing Shops 
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CHAPTUR III 

RECOVERY OF OIL FROM METAL 
TURN INGS (SWARF) AND WASTE 
RAGS, Ft.,, in ENGINEERING 
SHOFS 


OmUiljiiteJ hy K. A. Aluoi j', B.St:. (lin-.), A.M.I.Moch^K 

Vekv liir^u of oil now in use in L'jij;incfriiip .‘ilio])Si for the pnriJO&c 

of rooliM^ and Uibricivtin^ t uuing tools. These inelude amtnal suc h as lard 



Fio* foi stparatin^j; Oil from Swarf. 

AtliflH Cv*j l-td.) 


and tallow oil, neat’s fixit cul, elr.; fish oils, sueh as s[)Crm; vej^etable oils, such 
as cotton seed, rape seedr or eoUu ^ olive and resin oil, aiid mineral oils, such as 
petroleum. Drying; oils are of lirile service, even in compounds, as they show a 
great tendency to gum. 

Where possible ii now cusiornivry to pmjilo inol,sion*i, nr mixtures nf so-culkd soluble oils 
and water- A number of marked oi1^ of thbi descriptiem an: on the market, and they give good 
service for cooling lools, where httk lubriration is required. For work of great accuracy or high 
hnish, and for use on automatic machines wl^ere water emulsiuns would tend t<i wuh the oil out of 
the bearings, or where long chips or turnings are produced rendering lubrication essentia], pure oils, 
or oil compounds, ore necessary. Lard oil, and mUturesof Lard and mineral oil, are most commonly 
used. Owing to the high price and pre^nt scarcity of these lubricants, economy in use js most 
essential. 
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The largest source of waste is the retention of oil in the metaHic^swaiJ, tumingSj 
boringSj or cuttings from the machines^ also in the cotton waste, sponge qjoths, rag^ 
etc, used for wiping, and in sawdust, which is often put on the floor for moj^ping 
up any spilled oih 

Oily «teet or Awarf will retain ftoni to per cent, to 30 per cent, of oil, depending on 
the class of swarf and .viscosity of the oil, while w&ste and rag^ may ountain double this amount. 


The best mcthfid of treatment is undoubtedly to subject them to high centri¬ 
fugal force, by which the draining effect of gravity js multiplied several hundredfold. 
In properly designed machines, jiractically the wliole of the oil may be recovered. 


A type of machine suitable for bige installations is shown in the illustrations { Figs, lO and 11). It 
is fitted with a perforaU'^l steel plate Ita^kct, bavin|» a pair of Uunnlona on the side. At the dose of 
an opeiution the haskci may lie lifted out of tho machine by the j^hachlcs, and can then be taken by 
■n overhead runway to the ciischar];edtiinp, wliere ihc contents arc tipped out. For ease in emptyir^, 
the tippier hp of tht' liasket is mafle conical in form. Two rings containing mercury are fitted to the 
bottom of the Ijasket, and these hidp 10 conijvnsatc for any inecjuality in loading the machine- The 
dome of the basket fits into a taper cone nn Ihc rtvolvJng spiudle, the tajier being adjusted to give 

<-a!;e in removal i>f the basket, together with sufficient g'ip 
(o drive it- The spindle runs in a pivoted centre bracket, 
ret-uned in jKisitton by rods fitted with ^prin^ and rublitr 
bi]dur>, S[] that I he basket may n-volve around its own centre 
of gravity, and docs not jar tbe foundations when the load 
is ouE of l;ahincc. 

is not csfienliul or even 
desirable when dealing with mta*/. The latter 
drains quite well at orditiary tein[>eTuturcs, and 
very little extra can be obtained by steam, which 
condenses and has to be sejuarated from the oil 
coining from the machine. Where and 
chihs ivre being tre^ated, steaming undntibtedly 
helfis to bring the oil away quicker, and less is 
left in the treated material. 

Thu machine ilcscrilx-d ahovf may he fiUcJ with a cover 
and sleain pipe leading to iht iniciior of the ba.sket, aud 
compinuiroly little steam is reejuirnl for the purpose. 
AnculivT lyjK' of machine has a fiswl !;piudlc, and is driven 
by :i steam tUThine, (he Nadcs of which art secured lo the ' 
uTidur.Mik' the fjAsket (fieu J''ig. 5). After jiassing through 
tiic turbine the steam enters the haskel, and is led away to 
c\haual. The extracted oil and condcnRcd steam leave by 
a trajiped outlet, while the pan is fitted with a steam-tight 
covet. In ihiR case the bcisket ]iropcT is not reimwahle, bul is provided with a Loose inner cage. 



FlC, II. -Serlimml View, Cctllrifu- I 
gal wLih I-ifting-out Ikiiikel. 

{Mnotovt, Allii.Li & Co.] ].ic].) 


Good results arc not obtained with totds lubricated by oils or emulsions which 
carry partir/cs of metal in suspension. Lubricants which have been in use for some 
time, and the oil recovered by means of such sciiarators as described, are found to 
contain fine particles and spicules of metal which dei>reciatc iheir usefulness. Very 
often but little attention is paid to this factor. A may be fitted in the circulating 
arrangements do each separate machine tool, and the oil from the (x;ntTiruga]s dealt 
Tvith separately, but the best jjlan is to instal a central oil cleansing plant to which 
the oil continually returns both from machines and scjiarators, and from which it is 
sent hack clean. The usual means employed are settlement or filtration, or a 
combination of both. Heating is often resorted to in order to accelerate settlement. 
Temperatures in practice vary from about roo'’ F. up to well over a00* F. 
Plain settlement involves little attention, but a number of tanks are provided, which 
are filled in rotation. The oil is allowed to stand for six to eight days prior 
to decantation, and hence a large amount of oil has fo be held in reserve^ while the 
space required is fairly considerable. Fillers and filter presses are in use, and if the 
oil ts passed through a filter press in which a layer of diatomite has been deposited, 
the purified oil will often be a better product than when originally bought. The 
rate of filtration is, however, very slow. Generally speaking, it is usual to settle the 
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oil before^ 61tr4tion to remove the coarser ^latticles. There are on the market a 
number of device in which bolh settlement and Sltiatton are employed. In certain 
easel* ma^etic separation is used. 

A mechanical subsidcr has recently come into use in which centrifugal forceds 
employed to increase the rate of settlement, v()dle the settled particles arc washed 
free from oil by passing through a layer of water. Loss of oil* is thus very greatly 
minimised, 

Tiie machine is built on Ihc lines of an oidinary centrifugal, Init the liasket is not perforated, 
and is filled at tlie cuiruTicnceineiit iif,ihe opcraticpn with n suitable quantity of water to form an 
almost Tcrtica! wall within a liltle <1istance of the rim of the basket when the latter is revolvitij; at 
high spe^* Oil is run intc» the basket From h contnincr, and fills the hpaoc between the water and 



h Kr. J2. --SiirattN f*atent Uil Siiljtudiset fnr hSc^urating 
line metallic Tartide'^ fritm Oil. 

(JUdnlpjvr, AlJiutt ^ C'p^, Idtd.) 


the rim, flowing ovei tlie latter tu lIil oiiLer pjn, where it is ordlectctl ami run Ln acrintaincr thrciugh 
a ,spout. 

Any particles id dirt or metal of a greater specific giaViiy than the oil pass into the water, 
which washes afl any entrained oil, and collect on the sides of the tjAsket. The latter is cleaned 
aljout once a day, when mnre water is run into the basket to displace the remaining oil. Thu basket 
can then Ik liftt'd out by hand, cleanefi, and replaced in a few minuter. The working is practically 
continuous, little space is required, and a mlnimi'm of oil need be kept In cdrculation. 

Sterilisation is sntnetimes rt;Burtca to in order to prevent development of 
sores, etc,, which are 1 table^lo appear on the hands and arms of workers who arc 
employed on machines on which a large quantity of lubricant is used. 

Such sores and rashes are {>rt)dured by plugging of the glands at the roots of 
the hairs on the arms and hands of workers ; and by the injurious action on' the 
skin of fine ntetallic particles suspended in the oil, causing abrasions which permit 
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t/re entrance of germ.s. The renjedies are strid attent/on to the cleanJihess of 
the worker, and the ado/jlion of effiticnt means for freeing the orf frorii^ minute 
partidcB of rr^ctai. ITie oil should be as free as possible from 'fatty atids, and 
be sterilised. 



Sonic invciiliciators rcpori that they |vni>c| rcsulis liy luxating Lhc oil to a tcnipLiatuic of 
140“ ]■’. for twenty minutes. I'his does niPt, however, appeaT to be sufhcitnl to dcstrriy s^jotcs, and 
a tempemture of, siy, 240"* F. would be lieller. AfixLiircii of lard oil and ^wLrnleuni are said Lo 
develop a powerful germicide after use, while jiume managcimenis add about 2 per rent, of carbolic 
acid to the lubricant. The value t>f stertlisalion is not, however, finally jirtjvcd, T<i get good 
results, not only the Oil but Llic pans, contaiDcrs, and |ii|)es woifid nceil to be treated. 

One of the largest swarf de-oiling plants in this country is at the works of Messrs 
The*Hoffmann Manufacturing Co., l.td,, Chelmsford. It consists of three 40-im 
self’balaijcing centrifugals with lifiing-out baskets. The swarf i.s colleclud from the 
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machine shops in spedal steel plate trollies, fitted with rollers, which pushed 
from machine to machine. An overhead runway leads to the de-oilihg plant, which 
abuts on the railway sidings, ITie trolly, when filled, is hooked to chains attached 
to the overhead runner, llie rail rises slightly, so that the trollies after being pushed 
a few yards are lifted clear off tl^ ground, and arc easily conveyed to their 
H destination. On arrival tliey are tipped into a grid over which the swarf is pushed. 
The smaller pieces fall through on to the charging platform, while the Jaiger pass to 
a machine which cuts them into more convenient lengths for handling. The interior 
of the extractor house is provided with overhead runways, for the easy moving of 
the baskets between the charging floor, the marrhines, and the discharge platform, 
'rhe machines are provided with spare baskets, which arc filled by spade on the 
charging flrxjr while tlie previous charge is being whizzed. The disdiarge platform 
is arranged with a shoo^ so that the den^ilod swarf may be loaded direct into a 
railway wagon. 

The swarf is not steamed, but provision is made hir keeping the plant 
rcasonalil^ warm in cold weather, to prevent congealing of the oil. 'rhe charging floor ■ 
and working floors are jjrovided with drain gutters for the oil, and these are fitted 
with s|>c!cially designetl grids or covers to prevent them hecoming choked with swarf. 
Mow the de-oiling house is a settling room, provided w'ith six tanks in which the 
dirty oil is settled. Each tank holds alaiut i,ooo gallons, and when full is allowed 
to stand from six to eight days before decantation, A special tank is provided for 
separating any water which may have Ixxome mixed with the oil, Ulie same room 
contains storage tanks for fre>.h oil, which is brought in to make up wastage. 

The machines make two to three o)ierations per hour, according to the amount 
of oil in the turnings and their nature. One set of experiments showed that a load 
of short chips was 5 rwL, from which gallons of oil were recovered. Eor long 
chi[>s the load weighed 2 and the recovered oil was a J gallons. These figures 
arc on the low side for oil estimation, as the chips had been allowed to drain during 
the week. 

tn If)17 ihis pUni, working 9^ hours a. day, 5 days [Kt week, deal! wJlli 2,885 Lons of oil and 
swnif, fnrni which 877 Ions of oil were recovered. 

The .same firm liavc also a seiiarate installation for treating their oily rags and 
sawdust, consisting i^f a turbine'driven centrifugal, two all-metal washing machines, 
and a drying roojii. Some 10 c wl. of rags are treated weekly, from whicli So to 
lao gallons of oil are re<-overed. In addition to this, overalls, etc., are treated, and 
new rags aresieumwl in the machine with u view to stcrilisalion before use. Kurther 
machines of each type are in process of iiistaUatioii. 

Rkfkuknchs. 

" Luhricalion rtf cut 1 mg nnd tooh/^ 1917, vol. ix.. pp. 417, 449, 491; vol, x., 

P|X 39, 120. 155, 179, 205, 2,11, z6o. 

l^lemorandum on rutlJn^' LuliricnnK und TtHdiiig Lkjkiids.*’ l>c!pU of Scientific and 
Industrial Research : Rullctin No. 2, II, M. SUhonory OUice, 
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CHAPTHR IV ■ ' 

MANUFACTURE OF FISH OILS, 
FISH MEAL, AND FISH GUANO 


Fish Oils are obuiiu'd from iill parts of the Ixidy of conimon fish—such as 
sardine^ salmon, sjuat, ocrring, menhaden, by boiling* 

Menhaden Oil is prepared from the heads and intestines of fish, especially 
of the menhiideri or mussbanker of the Atlantic coast of America; it is used 
in the leather, ]mint, and ro]:e trades* 

h'or Sperm find Arctic Sperm Oil see under Liquid Waxes. 

The best sorts of Cod Liver Oil are prqiared l>y heaftn;; the livm {taken 
from the fish brought ashore alive and Irealed the s:iiiie day) of the cod fish in 
steam jacketed vessels, when the cell membranes burst and the oil exudes. Inferior 
qualities are obtained by treating the i>uLrid livers in a similar way; although 
unfit for medicinal purposes, it is largely used in the leather industry (see D^gras). 

It h udviKihle to remici in ii \3cinim in ,ui nul<K‘]ivc filtirtl widi sltrm^. The vrti'uiiui ht'iitiiig 
rnJuccs the lumpcratun^ of Vk ith llic nisuh dint ihe oil is impmveii !xah in calotir ami 

udouT* In ihe livers wlnH] ,].k in .i stair nf [mrttal dmmi|msidrDi Ihc boiling uncitr 

vacuum h:is ihc cllcct of ^wct-tcning Llic ml considerably luid iniiJtovmE d cidunr. 



Vui. 15,—Faclory for Manufuctnrt of Whale and Seal Oil. 

(Sevtti, KinR^ay Houh, Loh^.) 
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Seal and vhale oil are extracted from the blubber of the animals, sometimes 
on bootd ship itself, but more often m "trying'' stations situated in Fmninarken, 
on the l/)fotes, and in Iceland. The blubber is stripped dean from' the fle^ 
immediately after the arrival of the ship, cut into strips, chopped in miticing 
machines, delivered into melting pa^s, and boiled with steam. 

Fi^. ] j shows a faoiory for exUacling whulc and xal oih erected liy 5cott & Son, of London. 

In inborn works it is more economicaL Lo extract the oi! by uLvent, ab a better and more 
comploti; yield of oil is thiu obtained. 

This IS now done in plant siniiloj to that clcscril^ed below^under Ftsh Offal. 

Fish oils are tueti for temi^edne steel, in leather manu^ture, for soap and candles. 


TREATMENT OF FISH OFFAL TO RECOVER OIL. 
MANUFACTURE OF FISH MEAL AND FISH 
GUANO 

LITERATURE 

C. K, fjfctJWi’HRR.—"Fish Meal a Ftjod for Live Stock. Jr. B&ani 1919^ 
xxvir 4S0. 

F. C. Wkbkr. —"Fish Meal: Its Use as a Slock and Foulliy Food.*^ United States 
Uepartraent of Agriculture, Bnllelin Ko. 373 (igiti)- 

F. (L A.smfj(^x>K,—“Fish Meal as a Feerl for Swine/' United Slates Department of 
AgHcn]turc> Bnlleim tiio U9i7)- ' 

A. M.'Fish Meal: iLs Comjujsitifin and Value ns a Feeding Stuff for Figs, Poultry, 
Cattle, and Slieeji." The Alierdeeo University Ltd., Aberdeen fi9i7). 

In the fishing ports of Scotland and the east of Kngland very large quanlilies 
of hsb.ofTal occur, such as heads, rotting hsh, waste [>arts, etc. This was formerly 
thrown away, and often became a source of serious nuisance. At the present time, 
and to an increasing extent, this ofTal is worked up and utilised. 

The total value of the fish landed in British purls in 1913 was j^]4,229,ooo, reprEsenting 
i,223,ocx> tints. (Inc-tbird of this reptesenU herrings winch are U>o lich in oil to Ik wmked u]i 
directly tn hsh meak so that the ml lias lt> Ik exLtncU'ii lirst Itefme the reiiidue is usable. In 
Order to make the ftsh pock well and save weight in carriage as much as one fourth of the wrlghl 
of the lish cut off, and hence the large residues left. 

Three products are obtainable from fish offal 

(1) Fish Guaoo.—A n excellent fertiliser for the land. 

(2) Fish Meal —An excellent feeding stuff for cattle, pigs, and poultry. 

(3) Fish Oil—Mostly herring oil. 

Process of Manufacture 

The fish remains are placed in a "cooker/’ Mg. t6, which consists of a 
flat-topped, semi-cylindrical vessel, steam-jacketed on the lower half, and pro¬ 
vided with steering gear, a discbai^ing valve at the bottom, and a charging door 
on the top, llie vessel is connected to a vacuum pump, and the fish remains 
heated under vacuum. The offensive vapours pass off, arc condensed, and are 
usually passed througl^ the boder furnaces, so as to be burnt, and thus rendered 
inodorous. Some works, however, pass the ggses through coke beds down which 
water is passing. 

In the case of herring offal and other very oily fish, the oil separates out and 
is removed (after the cooking process has been completed) by breaking the 
vacuum, opening the hinged door on the top, and scooping out the separated oil 
with balers. , » 

The oil thus separated is filtered, and sold as a fish oil of good quality. The 
remains are now discharged by the door at the bottom of the cooker, and the dry 
m^ powdered in a grinding machine and sold as a fertiliser under the name 
" fish guano.'" 
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When' the fish is of good quality and fresh it forms **fish meal,” and is an 
excellent canle food. White fish meal" can even be used for human food. 

When oil Is the product desired it is highly advisable to extract the oil 

by rartinB of solvents, as a much more complete seiiaration is thus attained. 



Fig, [7 $how!i Ihe pluit It of a horizonlnl Atted with stiTieiR and sleam- 

[acket. This is chaigcd with the ofiab which U under vacuum, as previously described, until 
the offensive cxlours have escaped and the mi 'erial iry. 

The mass is then submitfed to the action of hot benzine and benzine vapour 
in the manner described below under “ solvent extraction” of vegeuble oils.' 

, The benzine rich in oil is pumped away to the still {shown on the right) and is 
there distilled away from the fat in the usual way. 
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The residue of fish meal Jefr m the extractor is fina]}y steamed to iemove 
benzine, and the product removed, ^fround as before^ and aoJd as Ssht meal, or as 
a fertiliser. 



Fid. 17.—Solvent Eidraction Plant for Fisli Oflal* 

(fiCUtlN, IjdiidcHln} 


Chemical Composition of Fish Meals 

llie following tuble the results of analyses of typical fish meals:— 
Analvses op Whftk Fisti Meal. 
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2 , 

*■ 

4 ' 

S- 
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tVnr. 

Prr Ceflt. 

Vtf C fcith 

Per CcDf. 

tVr Cent. 

VcT Cent. 

Moistiire 
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13.94 
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Nitfogwi 
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8.93 

9 59 
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Ammonia 

JO. 84 
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11.07 

ro.84 
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3.34 1 
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3.QO 

6^53 
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Phoiphate of Lime 

19-S8 i 
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1S.34 


19-13 ti 
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'I'he following represents an analysis of the ash 

Insotulile , . . . . 

Iron aJuminluiifi Al^kO,) 

Phosphoric acid tT^U:j) 

Caldum (CaO)- . . . , 

Salt (NaCl). 

hlagnesium {MgOj ^ . 


0.50 

0,97 



25.83 
3 -<3 










COMPOSITION OF FISH MEALS 3S 


Herring differs in composition from white 6sh meal, 
typical analyses 


ASALVSES Of HtRKtNG GUANO, 


The following are 



i I. 

• 2. 

3- * 

. 4* 

— 

i _ , 

■ Per Om, 

l*<r C^nl. 

t 

Per C^t+ 

PfrOnt, 

Uoisture 

JI.52 

>4^3 

15.68 
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Nitrogen 

■ 1 S.03 

... 

9*33 

9.04 

Equal to 
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1 JO‘33 

"-33 
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Phosphodc acid ' 

3 S4 

3-93 
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Phosphates - 
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S.57 

1.1-24 

Oil- . - 

37* 

I q.oo 

6.04 ! 
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Salt 

2^-73 

: 17.96 

6./7 ; 

9-25 



4 'Urc Herring Meal. 

Herring Guano. 


Per tVnt. 

iVr Cent. 

Moisture ..... 


15.82 

AlbumiiKud'i 


37-94 

Oil. 

4-99 

4.93 

Aih. 

1S.64 

1B.74 

Ccunbiited water los-i ni;d uiideteiminvd mailer 

2.89 

2.58 
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100.00 





t'tfr Ttiic 

Per Cent. 

ConUtining niirogcn ... - 

9-30 

9-27 

Kc^Uiil lU 

Aiumumi ..... 

11.29 

11.25 

Cunluinm;^ total phospiuiles 

10.06 

9-58 

.Salt 

8.27 

9,06 


It will he seen from these analyses that the composition of fish meal is very 
variable. Growllier (/(^r. af.) ^ives the following; table;— 


Moislure 

AlhumiTinicls (iiruLiNti) 

Uil 

Ash - - - ^ 

(Jndiiile^ calcium |ihL>s]i]iRlc) 
halt . . . - 

Carhcih yd rales, elc. 


U:in^r uf Vuriiili^ m. 
Per Ctut. 

7.7 Ift 18.1 
51,1 „ 63.1 
I. 

20.8 2 KvO 

]6,6 t, 20.6 
5.3 

0.3 „ 4.3 


It will be seen that fish meal is very rich in albuminoids, mineral matter, 
and oils. It has a high food value, and has been used with success for feeding 
dairy *cows, using i lb. per cow per day, in the form of a mixed ration. 


Since tisli meal contains only a Mn^il] ^i]:r>pi>Tticin of carbohydrates, it cun only exercise its full 
effective value when used mixed with other feeding Stuffs contaiamg an abuadance ol carbo¬ 
hydrates. 

Fish meal should not form more thun otie-Hgblh of the loLul dry fund coiisumetl. 

IL must not be too rich in fish dU, otherwise a dsliy tniiU imy develmi in pork or Imcon ^yo- 
duc«] with aid. Iltnce the fish incil, fish guano, und Ijsh oil manufucturers have agreed to 
produce a meal from while fish ,mly (r.f,, wilhi^ut herrings, etc.}, to be sold as ** While Fish Meal,” 
and tu conform wUh ihe following limlt:^ as tn compKiiion; — 


Albaniinoids - 
rhtwphate of lime 
Oil ■ 

Salt * * . a . 


- not less than 55 per cent. 

If 11 n 

‘ not more I ban 5 ,, 

li n *4 ft 


The meal should be light brown in colour, free from offensive smell, ^nd if the 'moisture 
content does not exceed to pet cent, it may Ite kept for long periods on a wooden floor in a dry 
store. ' 

For pigs and poultry fish meal should only have a nimute ^proportion of salt. 
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Fish mca) Is, at present, one of the cheapest foodstuffs as the ' following 
table shows:— 

Analyses anh Prfce pkr Ton ok Vaefous Feeding Stuffs. 


7 '^e Parfftm-oftit iH/A 1919-I 
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20 
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45 
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The lower grade fish meals, which are of a brown colour, and made from fish 
remains which are not quite fresh, shemid not be used for cattle food, but has (os 
indicated in the above anal) sis) a high value as a manure. 

For further details regarding fish meal see the above-quoted literature. 

Acknowledgments.—The author wishes to thank Mr Fred. A. Lass, of the 
North Shields Fish Guano and Oil Company, for much valuable information and 
help in preparing the jjreceding section. 
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CHAPTER V 

MANUFACTURE OF VEGETABLE 
OILS BY PRESSING 


Summary and Description of Machinery Employed 

Vkcktabi-k oils am] fals art; obtained from oil-bLarinf; substances (usually seeds) 
by two distinct [>roce!ises :—* 

(a) By pressing in bytlraulic- presses, 

(/^) By Oitmcting with volatile solvents. 

On. Extraction iw Bressutik. 

Four distinct operations are usually performed 

(i) The seed is crushed or ground in special machines so to break the 
oil cells. 



Fig. iS, — rrcliminaiy Kcdiictiun Maj^bme for Copra. 

(Mimlove, AUiotl, ot K atiinebunir) 

(2) THfe ground seed is heated so as to facilitate the flow of oil and to coagulate 
the albumen, 

(3) The product is now gently pressed in a moulding machine to prepare it for 
the hydraulic press, 

(4) Finally, the seed is ctyveyed to hydraulic presses and the oil expressed. 

We will firstly describe the machinery used in each of these'operations before 

going on to describe the treatment of the individual seeds. 

* For blocks nnd iUtuvr^Uons of machinery ctoploycd in seed'crushing, the author hns plcMynre 
in thinking Messrs Rose, Downs* & Thompson, of It all, am^Manlove* Auiott, of Noilinj^m, 
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Preliminary Reduction Machines 

Certain oil seeds, such as copra, palm kernels, ground nut's (arachidesj, etc., 
usually require preliminary reduction before it is possible to finally grind or roll 
in readiness for pressing. 



KiG, 19.—rreliniinat7 Reduction Kcdl fot Cantor Seed. 
{Mfitilovcr, of Notitnchant,) 


These machines generally Lake the form of hori/jjntal rolls, with either one, 
two, or three pairs of rolls, suitably grooved, as may be found necessary. 

Copra is usually delivered to the factory m pieces of considerable .size, and to 



* 20.—rrtiliminary Ri?duc!ioii Kolli fur Oil Extraction by Solvents. 

(Manlovc, Alliott, of Nottinglum.) 


reduce this it is necessary to pass through two machines, each containing two 
pairs of,roUers, as illustrated by 1% i8. 

The rolls are constructed of diilled cast iron, each mtr Iwmjj imlejjendenlly driven, the two 
lolltf running at unciiual speeds; whilst in the first machine the rolls are eoarsc grooved, in the 
succeedittg machine iLie grooves aro finer. 


OIL CRUSHING ROLLS 


4 * 


Fig. 19 show.s a pair of single rolls, whicli are used for the reduction of castor 
seed or stnular seeds of a soft nature, but of such a size as to prevent thdr being 
passed directly to the finer crushing rolls. 

In'many factories castor seed and ground nuts are pressed twice, and it 





Fig. ai,—An^jlO'Aircrican Kolls fur filial Ttcaiment of Sceils. 

is customary to deliver the seed directly from these rolls to the heating kettle 
(described below). The contraction of the rolls is similar to those previously 
described, except that the rolls are not ec[ual speeds, the cutting rolls not being 
necessary when rolling seeds of a softer nature. 

Fig, ao illustrates a set of rolls with three pairs of rolls, the two upper ones 
being grooved and the lower pair smooth. 







42 


OILS, J^ATS, AND WAXES 


These are for use when the seed reouirc* Xu be delivered in a flaked condition,' and are very 
generally in use in factories where the oil U obtained by the use of solvents, In crinsiroction the 
rolls are similar to th^e previously describedj except as regards method of driving, the two upper 
pain of rolls being driven by means of gearing by one belt, each pnir of rolls running at diflerent 
spe^s, whilst the lower pair of rolls is separately driven, and each roll runa al the same speed to 
avoid any catling action. 


Final Crushing Rolls 

For the final treatment of oil seeds, rolls of the Anglo-American type are used. 
These consist of five chilled rolls carried in vertical side frames, the rolls resting 
face to face upon one anotl^er, and thus applying a greater pressure to the seed as 
it passes between each roll, which it is obliged to do owing to the arrangement 
of the guide plates and scrapers* 

Fig. 21 illustrates a sL^t of Anglo'American ndfa of this nature specially designed for the 
trcHlment of oil seeifa yieliling edible oil. They are 34 in* diameUir by 42 in* lon^, each roll 
bein^ constructed of chilled cast iron, the three upper rolls lieitig suitably grooved* Special 
provision is made whereby the rolls can be adjusted a.s regards pressure* in order to ensure an even 
flow of meal * they arc driven at Ijolh ends, rhe upper rolls being driven from the &bafl which 
posses through the lower rolls. The two inicrmedtatc rolls arc not driven, the power l>eing applied 
cy fridion only, thereby allowing fur a certain slip which assists in tlie flaking of the meal and the 
production of a fine product. 

In the set nf rolls Illustratctl provision is made whereby the rolls can be withdrawn without 
dismantling the feed hopper, one half of the side frame being removable, thus allowing for the 
rolls to be withdrawn sideways inttead fif lifting over the lop of the frames, a?* is ip^ncrally done. 

All Angles American mils are eonstnicieil on this principle, but different size and weight of 
rolls are used, according to the nature of the seed being rolled. 


Decorticating: Machinery 

Certain sced.'s when they are delivered to the factory are ctjvcred with shell or 
skin, which contains no oil, and whilst many seed-crushm prefer to crush this 
seed whole rather than be put to the trouble and expense of re moving this shell, 
it is certainly desirable that when the greatest possible yield of oil is required the 
shell should be removed. 

In England cotton seed is usually ground and pressed without luving the outer 
husk removed, whilst in America and India decorticators are usually found in most, 
up-to*date oil mills* 

A dccnrtiauiiig machine usually cunsists of a pair of rolfa at such centres as to slightly 
squetwe the iced and crack the outer husk or shell, From wlicncc it is deliven^d on to a shaking 
sepaiator* which is vibrated in such a manner as to remove the kernel from the husk. On 
leaving the separator It is delivered into a shml, through which passes a blast of air from an 
aspirating fan* The husk, licing of a lighter nature than the kernel, is carried away \ty the air 
blW* the kernel being delivered free from husk at (be side of the machine* 

Castor seed when thus treated is suitable for obtaining the highest quality of medicinal oil* 

A somewhat similar machine is used for the decuriication of ground nuts, with the addition of 
a rewilving screen for removing the inner red skin. Some manufacturers also provide a brushing 
machine* the seed passing between revolving brushes to complete the removal of the red skin. 
Many manufacturer^^ however, prefer to crush ground nuts without the removal of the husk, as, 
although this contains no oil, it has a certain feeding value* 


Use of Disintegrators 

Fig. 22 illustrates a disintegrator which is often used for the reduction of copra, 
palm kernels, or any particularly hard seeds which may be under treatment, This 
machine in no way resembles the preliminary reduction machinery previously 
described, being essentially a breaking machine* 4 The machine is constructed 
with massive cast-iron outer casing fitted with inner gratings or liners, through which 
the seed is forced by the action of a revolving disc fitted with beaters. 

' The machine runs at a very high speed, the beaters revolving at a speed of 
about^,ooo revs, per minute, 4ind the broken seed is delivered in fine partictes* 
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In order to ensure *n even grade of output an automatic feed device is nMtuUy provided, la 
unequal reeding has a teudenej to choke the machine, necessitating considerable trouble in clearing 
the obstruction! The one drawback to the use of this machiaCf in iieu of rolls for the preJiminary 
reducttozitof oil-bearing seeds, u that the meal is delivered in granular form, and the oil colls ore 
not sufficiently bruised to eruurc the tnoxiruum yield of ujL. 


Meal Heating Kettles 

After the seed has been satisfactorily rolled and reduced to meal, it is necessary^ 
in order to express the oil by hydraulic pressure, to thoroughly moisten lieat 
the meal to a suitable temperature to allow the oil to How freely. For this purpose 
it is customary to deliver the meal to a heating kettle constructed either of cast iron 
or steel, steam-jacketed, and titled with a meal moistening device and agitating 
gear, in order to ensure the whole contents of the kettle being e^juably heated and 
moistened^ 

Different seeds rer|uirc dHfnK'; I tL].ipcratiircs^ and as in such cases it would neccs&ltalc Itecping 
the rm^al in the healing kettle a considerable period of lime to obtain the necessary heat, it h 



Fig. 22 .—Dismtegrator for Copra, Locust Beans 
{Manlovi:, Alliom NottineliiiJfiid 


preferable to liave two kettles, one mounted above the other, the first of which receives ihe seed 
and gives pieliminary treatmcnL, the second completing the process and allowing fur a considerably 
greater output than would lie the case with a single kettle 

In the treatment of paJm kernels it is desirable ihai two kettles should be uscrl for another 
impOTtanl reason, viz<, Iu allow the majority of the inherent moisture eontnined in the seed being 
driven off from the meal before the moisture is finally added to assist the How of meal. Tbii smalt 
detail has a very cctisidcrablc effect as regards the yield of oil. 

Each heating kettle is provided with an automatic mouthpiece which is closed 
when the sltickling box, which is the usual means adopted of withdrawing the meal 
from the ketfle, ts removed from iu position on the slide plate, and opens when 
the strickling box U replaced in position in order to receive its charge of meal 

Cake Moulding or Forming Machines 

Seeds containing not more than 35 per cent, of oil can be pressed in Anglo- 
American hydraulic presses with open plates, and in order to allow the greatest 
possible number of cakes being placed in the press, and further, to assist the meal 
in retaining its form when placed in the press, cake moulding or forming machines 
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are used. These consist essentially of a mould frame, which is hinged in order to 
allow a tray being placed either upon a sliding frame which carries .the tray and 



Fig, 23.—C*kc Moulding Machine with Slcam Cylinder* 


meal, which is folded in a wrapper, on to the pressing ram ; or it may be so arranged 
that the table which supports the tray is a continuatvon of the ram itself. 

The pressure may be applied by means of hydraulic or steam pressure, and is 



Flu, 24.—Cake Moulding Macldnc with Hydraulic Cylinder, 

SO regulated as to apply pressure up to such a point as to ensure the meal being 
compressed into reasonable limits, whilst avoiding any extraction of the oil. 

Fm, 23 illustnles a machine of this nature with steam compressor cylinder, but as m most oil 
AilUs nydraulicucumulaturs arc provided, a slmilnr machine is usually found with hydraulic cylinder. 
Fig, 24 indicates a machine of this class arranged for Ihe cake to be moulded upon the top of 
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ihe pressing whilst the pressure k applied without rcmoviug the c«he from the bamc^ thus 
enjuriug the cake being delivered with perfectly ibrmed edges. 

In many oil mills where large numbers of presses are used^ and economy in 
labour is a serious consideration, automatic moulding machines ate provided, as 
illustrated by Fig, 15. 

This machine ik combined with the heating kettle, all the operations beyond that of placing the 
wrapper and tray upon the sliding carriage being done automatically by means of hydraulic power. 
This allows coniidcrablc acceleration in the delivery of the formal cekes; one of lliese machines, 
operated hy one man, capable of delivering as many cakes as two of the ordinary type of 
moulding machine \ whilst the of ihe cake is retained owing to the fact that the meal is pressed 

whilst actually in the mould frame. 



Fig* 25*~Automatic Cake Moulding Machine with 
Heating Kettle. 

(Afanlox'?, Allifit, Noitini^hamO 


Hydraulic Presses Used in Oil Expressing 

Two different sorts of presses arc used, viz., the Anglo-American (plate) and 
the cage or “ cylinder'' (clodding) presses. In the Anglo-American system 
(Fig. 26) the moulded seeds are wrapped in cloth liags and placed between a series 
of jdates, 'Fhe expressed oil runs down, and is collected in tanks below the press* 

The plate or Anglo American system is usually employed for the treatment of 
seeds ter[uiring one pressing. 

Fig* 26 shows a set of four Anglo^Amerkaa oil pncaaes suitable for the manufacture of oil 
cakes from cotton seed* linseed, ana any other seeds containing not more than 35 per cent, of oil. 

The formed cakes, after leaving the moulding machine* are placed Ix^twcen the steel press plates, 
which are usaaUy corrugated and sO formed to prevent the meal spreading whilst under pressure* 

This type or press is also used for the seennd pressing of ground nuts (Arachidesl or other seeds 
contiuning a high peicentage of oil, which have lieen pressed nr otherwise treated to express a 
certain proportion of the oil, prior to being placed ip Anglo-American presses for complete and 
final tieaimenL 

In the standard press, which is constructed with a ram 16 in* diameter* the working pressure is 
2 tons per square inch* giving a grt^s pressure of 403 ions, w'hilst in the second presdug press, 
which Vi used for gn^nd nuts, etc., the ram is usually 18 or t&k lu* diameter at a working pressure 
of 3 tons per square inch, giving a gross pressure of S06 tons* 

In the “cage system "(Figs. 27, 28) the seeds are confined in a closed chamber 
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perforated with little holes, laiige enough to allow the oil to flow out, but small 
enough to retain the seed. "Hie pressure being applied, the oil is forced out. 
The advant^es of the latter system are 

(1) Very great pressures can be applied, so that nearly all the oil is extracted at 

a single pressing, ^ 

(2) No exudation of the mass from the edges of the cloths or bags occurs as in 
the Anglo-American system, 

(3) The press calces need not be “pired.” 



Fig. 26. ^Battery of Four Angio^Amerirati Oil Pres'^ep, having a conlinuons gult« for 
collecting the expressed oil. 

(Matilayt, AlUo/tt, orKoltln^ani.) 


Fig- 31, p. 54, shows an arrangement of I wo hydianUc presses on the cage pres& system, which are 
gsed for the purmsc of expressing the maximum yield of oil at one i^essing from palm kernels, copra, 
ground nuts, and similar seeds containing a high percentage of i>iL Fhese presses are constructed to 
work at high pressure, liaving rams 18^ in. diameter, sultaMe for a working prebsure of 3 Ions per 
s tuare inch j gross pressure, SoO touh. , 

The cage is constmcied of a nutnher of vertical sicel Inrs, accurately moclimed and spaced at not 
more than yiV* »parli although when reouirerl these spaces can be reduced to 
in. apart. Th^ are supported hy a numher of weldless steel rings, with a cast'steel top and 
bottom, the whole being accurately fated und bolted together by thr« verliral Indts. 

Sheet-steel oil splashing guards are provided, all of which ate indicatefl in Fig. 27. 

The operation pf working ihe press consists of filling th^cage alwve referred to vrilh meal at a 
high tempemture, which has been previously heated and moistened in a double heating k^Le, as 
illustrated. As the ram lowers the operator places a measure of meal in this box on the top of 
^Ich a plate is placed, followed hy successive layers of meal and plates, until the cage is filled, 
Tnese cakes are packed by means of an upper packing ram i>peratcd \iy means of a foot valve and 
hydratllic prenurc- This allows tb; maximum amount of cakes to Iw placed in the box. 
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Upon tlw oompledon ^ filling proceis the loose head, which is shown withdrawn in Fi& 
p* 54t u plaoM.in portion by meatii of haiid-wheel, rack, and pinion, and low prennieTa 
admitted to the main cylinder. This pieSBCa the cakes and 
asnally causes the cage to rise on to the loose head, hut if this — 

does nrit happro special provision is made whereby the cage 
can be thus raised. [atcTmediate and hich pfressnre are afler^ 
wards admitted, the whole mass of cakes ^ing left undcr^preS' 
sure for a varying period of time, according to the amount of 
oil to be oijtajned. The loose head nets as an upper ram, and 
ihis ensures equal pressure throughout the whole moss of cakes. 

When the cakes are raiuired to be withdrawn fhe pressure is 
released, thus altowing the cage to fall add the loose head to«W 
withdrawn \ the operation of the hand-wheel drawing the loose 
head automatically fixes the cage in positiem in order to prevent 
the pressure of the lower ram from raising the cage when re* 
moving the cakes. 

A combination of lw>tli Anglo-American and cage 
systems is often employed for very oily seeds requiring 
two pressings, or for tlie production of two qualities 
of oil. 


3elf’Contaitied Oil Mill—Cagre Press 
System 

Fig. 28 illustrates a small self-contained oil mill 
u[jon the cage press system, which is used upon 
estates for dealing with small quantities of cojiro, 
palm kernels, castor seed, etc. 

It consists essentially of a set of rolls for the 
reduction of the seed to meal, a heating kettle, pro¬ 
vided with meclianically moved stirrers, one or two 
cage presses, as the case ma)^ be, and hydraulic pumps 
for operating. 

It is possible with a plant of this type to crush 
and press from 10-20 cwt. of seed sold. It re¬ 
quires not more than 9 ILP, in the smaller size and 
^7 H.P. in the larger size for working, whilst the per¬ 
centage of oil obtained from the meal is equal to that 
of the most jTowerful mills made. 



Fto, 27.—Cmifitrudiou of Cag^ 
Press showing shcet-stecl oil 
plashing Guards, 

(Mariluve, Alfiott, of Kattinfliam,) 


Hydraulic Plant 

In most oil mills it is customary to provide accumulators in order to avoid any 
shortage of hydraulic power, and where two or three jircssures are re^juired separate 
accumulators are necessary for each pressure. 

Fig. 2 f) shuwiv an arrangement uf high and tow pressure pumps in an oil mill, wiih accmnulators 
in the l^rkgruund. The accumulators are so arranged as to automatically relieve the ]Mimp when 
they reacli the top of stroke, ainl us the demands of the presses cause the accumulators to fall they 
restart the pumps after falling to a prnielcrmincd position. 


Cake Paring: Machine 

Fig, 30 illustrates a cake paring machine for the removal of the oily edges 
from the cakes made iu the Anglo-Am ;:ric» ■ presses. These cakes being held in 
wrappers and between open plates, it naturally follows that the oil is expressed very 
thoroughly from the centre portion of the cake, but the edges usually contain con¬ 
siderably more oil than it is to the advantage of the seed-crushcr to allow to‘leave 
the factory, and for this purpose the edges of the cake are usually removed by the 
machine illustrated, re-ground, and re-pressed* 



Fin, 28.—Self-conlaineil Oil Millj Cotnpressmj; Hulls Healing KcUlt for M(hiI* and 
two “Cngc” Vrf'tws* 



Frc, 29.—IlydrauUt: rtimw for Oil Presses, with Accumulator. 
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The muchine consist's of a table upon which the cake is placed, with guide bars; 
the intejrnal drive-with cutter knives arranged to form also a worm conveyor, and 



Machine. 

(Minlovt, Alliott.) 

the travelling knife operated by mcansof a. crank* The travelling kn.'e removes the 
edges of the rake, which are there partially broken, and conveyed by means of the 
worm usually to an elevator, which delivers them lo either rolls or stones for 
further reduction before re pressing. 

Sumtnary.— A complete schtime of operations involved in oil pressing is 
indicated in I'ig. 32, which the reader should consult 



CHAlTIiR VI 


Manufacture of Ve(^ctal>le Oils by Prcssin 
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CHAPTER VI 

MANUFACTURE OF VEGETABLE 
OILS BY PRESSING 


Treatment of Individual Seeds 

Different seeds require a somewhat diflereiit treatment ; linseed and cotton seed, 
for example, require one crushing^ while castnr seed and copra (the flesh of the 
coco nut) are usually crushed twice* Wc will outline the process usually employed 
in the case of the more important seeds* 

Linseed*—'['he seed must be perfectly clean. It was formerly always necessary 
to pass it through a screening machine to remove impurities; but now much of 
the linseed on the market is sold on the basis of 95 per cent* purity, and some at 
97 per cent.; such seed is ready for immediate use without further cleaning* The 
clean seed is now jjassed to the rolls or crushing machinery c (k'ig* 32, which 
rcprcsonis a complete oil mill designed by Rose, Downs. & Thompson, of Hull), 
Thu seed is passed into the hopper in the usual manner, and h distributed to the 
cru.shing rolls {made of hardened chilled iron) by a fluted feed roller of the same 
length as the crushing rolls placed at the bottom of the hopper* The feed of the 
seed to the rolls can be altered at pleasure* As the seed passes the feed roll, it falls 
on to a guide plate that carries it between the first and sei:ond rolls. After passing 
between these and being partially crushed, the seed falls on to a guide plate on the 
"other side, and is earned between the second and third rolls, where it is further 
crushed. It then fails on another guide plate, which carries it between the third 
and fourth rolls, where it is ground still more. In large rolls it can be carried 
bdw*ecii a fourth and fifth roll before it receives the final crushing* 

The cruslied seed or meal is now raised by the elevator n (Fig* 33) into the 
kettle or heater f, where the mass is warmed hy steam to the right temperature 
in Older to facilitate the flow of oil when in the press, the heat also serving to 
coagulate albuminous matter in the grain* From the kettle the heated grain falls 
into the moulding machine or former c, where it is squee^sed into cakes suitable 
for placing in the hydraulic press. The moulding machine algo serves to accurately 
measure the amount of crushed or heated meal required for a cake, thus ensuring 
the production of cakes with little variation in weight* 

Thu cakes thus formed are wrapped in cloth bags and placed in the hydraulic 
press (Fig. 32, n, and Fig* ?6). One of the larger Anglo-Aujerican presses will take 
some sixteen cakes, aS in. by 12 in. uafh, separated from each other by a steel plate* 
When the press is full the pressure is slowly turned on, and the oil begins to flow 
from the compressed meal, at first slowly T'd then very rapidly^ the oil running 
down the sides of the machine into a tank in which the presses stand, and from 
wliich it is forced by a pum[^to the filters or store tanks* When the pressure has 
twen applied for three or four minutes the flow of oil practically ceases, the oil 
simply dripping from the compressed cakes until the pressure is released* IT more 
presses than one are being used, they are filled one after the other until the whple 
battery of presses is charged. T 1 ie meal cakes are allowed to remair^ under 
pressure from ten to forty minutes (the exact time varjflng with the special conditions), 
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antj then the pressure is released on the hrst press in the series and the ram allowed 
to descend* The cakes are removed one by one as the ram descends, and fresh 
charges of meal introduced wherever a cake is removed. The cakes, as they are 
removed, arc placed on the paring machine, llieir cloth bags stripped off, and their 
oily edges cut away by the parin'^ maclunc, these oily imrings being reduced to 
meal again by small edge-stones j (Fig. 32), and returned to the kettle r (I'ig, 32) 



Fin. 3i.“Ca^c or Circular Holt (Clodding) Oil I'rtssi, 

(K[](tL, Dowds ^ TJiompiou, HlillJ 


to be worked up again. If a cage or circular box (clodding) press is employed the 
cake need not be pared—one great advantage of the latter system* The Anished 
cakes are placed on racks in which they are allowed to stand until perfectly cool, 
when they are I'emovcd to the cake house or store, I'hc cake racks are usually 
placed in the most draughty part of the mill to assist the cooling process* Other 
similar small seeds are treated in much the same manner as linseed* Among 
these fve may mention sunfiower, mustard, China or soya beans, some kinds of 
rape seed, poppy seed, and suhilax seeds requiring but a single pressing. 








Fir;- 31—A COMn.ETE ANnLO*AMKRJCAN OiJ. MlU- ^ . 

' ^ .‘tifiKd >jy Ro», ft Tlrtnpsvii, oTHull, 

In (Ite nbore illttstniHoii the eofitipleie process is sbo*n. The s«d passcB through the roJls C j ^om these in elevnluf 
Ae l«rttle F, fiom irhich Jt pAses inio the rrtoiitlilinE muchine G, ffhere it k taewuredt formed, lad «|ll|jpe»ed 1 and thenct it to tiii? 
pcestei H* The calces, ifter being pceiiAed, arc cut tosise in the poring machine 1, uid the paring^ redw^ to menliy the sniatl wpe sk-nesj. 
The p^ng^ are retomed, to be reworked, to ihc kettle F. 

The pienet H sUnd in a tank into which the cKpresod oil fdU, ftom whence it ir Ibroed to the stoiftdaak^ ar filteis, hv 0 puinp. 










COTTON SEED PRESSING SS 

Liiiseod usutilly contRinK 58-40 \wi cent, of oil, and the pro^ cake 6’I0 per cent. The 
following figures are iTislructWe :— 

One toil of linseed containing 40 per cent, of oil yielded — 

* 750 llji. oil, value at ZS 7 - 

ti490 „ calU, value at per tan 


Cake^ 10 per cent, oil i— 

149 lbs. oil, value at ;^57 per Ion - 
1,341 dry residue, vaJuc at tos. per tun 


(For properties of linseed oil sec p, 133.) 

Cotton Seed also requires but n single pressing. Two varieties exist—the 
black seed and the white; the former has its husk tpiite clean and free from adherent 
cotton (example, Egyptian cotton seed), while the liusk of the latter is covered with 
short white cotton iilircs ^ ’■"imples, American cotton seed, Indian cotton seed). 
Both classes of seed arc treated in England in much the same way as linseed, the 
only difference being that the setds as ificy leave the rolls are ground beneath 
powerful edge-stones Ijefore passing on to the kettles. In the United States, how¬ 
ever, the cotton seed is first decorticaled, r.f., the husk of the seed isi entirely 
removed, only ihe ncsultmg kernels or ‘‘meats" being pressed. The advantage 
of this treatment becomes obvious when it is realised that practit?l!y 50 per cent, 
of the seed is husk, and that consequently a mill removing this Ly using decorti- 
cators can tieat twice as much seed as a mill of the same si^e, but without decorti- 
cators. I'he husks are used as cattle food, fuel, or manure, as the case may be, 

Cutton scetb on llic av(jrap<; of (ki per ttnt* kerneb and 40 ptir cent, husk. They 

ountain [8-24 per cent, uf uil, which is conta.iii[-il m ihe kemeb. 

The American kernels arc siiiuLlor than tiic I'^yptian, 

Delinting Cotton Seed. —In England the seed is usually reduced between 
rolls and pressed. In the case of American seed, however, i. sometimes pays to 
remove the lint from the seed, as the excess lint can be sold as cotton, and an 
excessive amount of lint may lower the value of the c:c)tton'Secd cake resulting from 
the 1 pressing. 

The uclinling mEitbiuc^ cunsi'iL uf a bi::, the bnUuin of which is a grating. Through thb 
* grating prpjfjct ihp lipi of a lar^T nuinlK?r of finc-lo^Uhcd circular saw-s pkiced on a cylinder nin at 
350-4CE! ruvi. per minuLt. The ^tL^l m the i'. c-hurmnl up hy iho saws 'he teeth of the saws 

catching in the lint and piilliii^r ii away fioin the The didinicd hced cJicajich ifowu a shoot, 

while the lint adhering to Ihc saui is picked off the teeth hy a circular brush revolving at 1,300 
]>3O0irevs. per mi nut e. 

An ah current b dirccterl on tu this lirusli by a fan, and tins blows away the Uni from the brush 
into a revolving cylindrical of wire cloth, un which the lint collects in la^eriuud is removed 
from time to time. 

To iircvcnl the teeth of the s.xw being damaged hy iron nails, etc., which are found m the 
seetl, the seed is made to traverse a .scrlcii of electro-magnets Ijefore fHssin^ on to the saws. 

Aliout ao lbs. of lint are obtaimnl [x-r ton o1 seed treated, and a machine dealing with 3-Z0 Ions 
of seed per twenty-four hours will absorb 3-10 H.T. 

Decorticating Cotton Seed. —'Jlie cotton^seed oil is produced from the 
kernels, and these are surrounded by husks, which contain strong deep brown 
colouring matter and little or no oil. There Is thus a considerable advantage in 
removing the cortex or husks of the seed before Crushing, and thus pressing the 
kernels alone. The advantages are“{i) The oil is of a better colour, (2J the press 
cake is of a better quality, (3) the mab^rial treated being far richer in oil than the 
whole seed, a greater amount of oil can 1)" obtained in a given lime from a press of 
a given size. 

This K obvious from the conAleration that the seeds on the average consist of 60 ^ cent, 
kernel and 40 per cent, husk, and the iS-24 per cent, of oil is concentrated in the kernels alone. 
Q>nsequent]y loo tons of'whole seed have to he put through the mill to yield 1&-24 tons of against 
60 tons of kernels. 

Xhp disadvantage is the capital expense of the^xtra macliinery ret^uired. 
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Tlic decorticatmG^ machine put un the market by Me.s^r» Kosc^ Downs^ & Thomps^, Ltd., of 
Hull, canaiits of a rotating tiarret c:irryin^ ten kniren crosswihe on its ticriphery j oppo^iie ih\s is a 
fixcfl “breast” carryinj; three slaliumry kniifes, also placed crosswUe. The km(e rum at 

1,500 revs, ptr minute. 

The seed Js fed m at n hoj>per and falts on the roi'iiin^ harrel, and cauE'ht between the 
rutatini^ nnd llxccl knives, and the lui'^k is reniovt^d- The busks uriil kernels together are carried 
round to the lower edge of the “ breast/’ inutl are eollecletl and separated autumaUcally. A machine 
dealing with to cwt. of .seeds jki hciiir ahsurLs 6 Il.T. for driving. 

The separated husks are used as a cattle fotxl, abo ns fuel under the boiler, 
and sometimes as a manure. 

Crushing the Seed.™'l'he seeds are reducetl in rolls similar to thfise used 
for linseed. 

Pressing the Seed,— 1 'lic seeds are next pressed, a single pressing being 
usually sufficient, (h'or properties of the oil see ]), 131.) 

The ctiUon-seed moal {/.^., the press cake ground up) iii hest usitd as a cuttle food, hut \s some¬ 
times used aij a manure for cf^lUm, tuliaccci, sugar cant, etc. 


The following figures are instructive:— 

1 Ion of undcron [catL'd F.gyptian coLton seed cofitaming 24 j>er cent, of oil was crushed and 
then yieldcil: - '* 

;^40 lbs. oil, value at per Lon - - - ' 4 11 

ljfiy2 ,, cake, vahie at 215- tos. per ton - IJ I 9 


Cake, 10 per cent. t>il:— 

T?i9 ll>s, oil, value at ^53 per^^m 
rH7oj .■ dry residue, value a| ;iTi. 7b. per ton 


Castor Oil 


£11. b 8 

^4 9 + 
^ 12 $ 

J 9 


The castor tree or shrub grows in nil tropical and sub tropical lands, especially 
the East Indies. The frull consists of a rouyh outer shell or pod, enclosing 
a white soft kernel covered by a husk, underneath which is a thin brittle shell. 
The kernel carrying the oil is thus endosetl between two outer c^isings, 

'I'he kernel yields 46 53 per cent, of its weight of oil and lorms 80 per cent, of 
the seed. « 

Preparatory Treatment of Castor See<l.““Thc seed is first shelled in 
a special machine (supplied by Rose, Dgw-ns, & Thompson, Ltd,, of Hull), 

The seeds arc fed in(o a h^>pper, and are thence carricil by a rutaling worm ticLwccn a jwir i^f 
discs. The pods arc rubheil Ijelween the discst and tlieir outer casingb are tiiokcn. The mass falls 
into A hopper, and is then suldeclcd In an air hlabt fmm a fan, which lilctws tiway most nf the husk 
into a cnUcciing chauiher. The lu^vier beans, wit It some uditerjng husk, un through a pair 
nf rolls on to a sliaking separalor. The matcriaL next eTtcountem a blast ttf mr which leinnveb the 
last portions of (he nod, the heavier lieans passing oit into a hnji^jer, A niULchine dealing with iO'20 
cwt. per hour aUorle 0 -S Jl.P. 

Decorticating Castor Seed.— The preceding machine remt)ves the outer 
husk. The inner shell may now be removed in a special machine. 

KfiHc, Downs, tV: Thmnpbon, of lJu!], market a D^achiim In which the licona fell from hupper 
between a imir of cylindrical rolls, thc-Sjiftcc bit ween which is carefully adjusted. 

The iKans positing Ittwccn tJu' mils arc crocked, and the broken shells anti kernel, fell on to a 
shaking le^ioratur. Here they fell from tray ttj tray, and encounter in so doing a blast of air. The 
lighter shells are tlius separated ami I^ruc through one passage, while the cracked beans pass out 
through another. 

A machine dealing with 20 rwt. of beans per hour rutpiires 7 Tl.r, to drive It. The crushing 
rolls make 100 revs. ^x;r minute, the shaking se]j4iratnr shaft 500, the fan i,oou, and the feed mil loa 

It my be noted that it is essential to free the castor-seed kernel from its second 
or inner'covering if a good clear tjuality of hot-drawn oil is aimed at. For most. 
purposes, however, the oil obtained by pressing the beans with only the outer pod 
removecLis good enough. 
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Pressiag' Castor Seed.^l’his seed, being very rich in oil, is usually worked 
twice, the first time cold and ihe second lime hot, 'I'he seed must be very well 
cleaned before pressing, which oi>eralion is bcsi carried out in cage presses, the seed 
being pressed in iht natural state without any preliminary crushing at all. The 
best medical oil is the cold-drawn, ami coiisei^ucj^lly it is greatly to the advantage 
of oil manufacturers Lo press out as much oil as jxjssible at a’ single pressing. 
Immense presses have been erected for thjs pnqmse in some mills, A set of four 
giant presses is shown in the plate (big, ;^3), which represents a modem and improved 
tyi>e of press Ixittery, designed by^Rn.se, Dowjis, & Thompson, and used in some 
large English oil mills* Each set CompriseB two presses^ leaving cages or cake 
chambers 19 in. diameter and 9 ft. long internally, 'J'hese chambers are finely 
perforated, so that while retaining the solid rc,sidue, they allow the oil and other 
fluids to escape. Each press has its own kettle, 60 in. by 26 in., while the rams are 
forced at a pressure of 3 tons on the square inch. 'I'he seed is fed whole to ihe 
kettles, are there heated lo about 32“ f.’., and afterward.s pressed at 3 tons 

on the square inch. The resulting cakes contain from 8,5-10 ])er cent, of oil. 
The whole l>attery of four presses is worked by two men, and press a total weight of 
2 tons of seed i>cr hour. 

Tresses of this type arc specially suitable for the first pressing of all kmds of 
very oily seeds, such as castor, sesame, ground nuts, t'0]>ra, jjalm kernels, etc,, 
producing a maitimum quantity of first pressing oil, and reducing tin oil in the cakes 
to such small proportions as to render a second pressing unnecessary, or i>erraiuing 
the remaining available oil to l>e extracted by solvents. In view of the high prices 
commanded i>y fjr.Btqiressure oil, such presf^es eflTecit a very great economy, although 
the first cost is iiigh. In nulls wliere less powerful jacsses are employed, the solid 
cakes resulting from the flF^Fpressing are ground up in suitable machinery, warmed, 
and pressed again, 

A'vei-y eJTectivc modern t)rocess is to first press w-ilh a cage miichtne, and then 
extract the hulk of the oil fiom the resulting cake by solvents, buch extracted oil 
cannot be used for edihle ]>ur[)oses, but is valuable for .soap-making, lubricating, 
etc. The meal from the solvent contains only i per eent. of oil. This mixed 
process is large ly woiked on the Fonlinent. 

The inrMhrmiTl u-,v of riMctr nil d('|K-ncls upon the prc'.cncL^ iif an ^ilkaloid, which in excess is 
p^isnnou'i. This Lilknloiil is rehiiiird in eniiMcU'inljh' igiaiilidtr'i in the rt-Mcine Irfi ;dlrr pii'W-ing the 
seeds, mid con'ifniiriitly CMSt£11 fill i nkr is uiiliL for ciiUlc fnciiL II h h* si et^Lr^ried with aijlvenls 
Ui ]fec<jver all tlitr cnl , mid the residue iisi d ns a rtrlihs^'i. 


Olive Oil 

'I'he olive tree U chiefly cultivated in the countries bordering the Mediterranean, 
All i>arrs contain the oil. The fruit consists of rind, flesh, stone, and seed kernel. 
40-60 per cent, of the oil is contained in the fleshy jiart, and is the iiest oil for 
edible purpf)ses, 'Hie fruit :s gathered before it is tjuite ripe, and is then peeled 
and stoned. The flesh is pressed by itself and yields the best oiL The kernels 
are pressed separately and yield an inferior “ olive-kerne I oik" 

The ^shy pulp left after the pressing may contain 20 jier cent of oil. It is 
ground up with hot water, alk^wed to stand, and the bcrjken-up cellular tissue which 
rises to the .sutrface is then [iressod again for a second quality oik 

The residue is often extracted with carl>011 disulphide, the extracted oil being of 
a deep green colour owing to dissolved chloTophyll from the fruit. This oil is sold 
to soap-makers. 

Many works do not stone the fruit first, but crush the olive as a whole, thereby 
obtaining a better yield of an iifTerior oil, since the poorer oil from Ihe stones now 
mixes with the oil from the fleshy jiart. (Eor properties of the oil see p, 130,) - 

The first preks«] oil h alway^ sold as no ediliJe oil, Tlie or third presiiijigs go fqr 

burning, Mtapnnaking, nr lubrinuing parpusns. The pesa cake is sold as a cattle focxl, while tbv 
residue left after ilie carbon disulphide exiraciicm is sobl a'l a fertiliser. * 
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Pi^ Oil and Palm-Kernel Oil 

These oils are of great and growing importance. 

In 1908 ihc United Kingdom imp^te <1 mlm oil lo the value of j^z,^00,000, Germany in the 
same year imported palm l^ernets to the value of jC3t300,ooo, the United Kingdom and other 
countriesi tathig as well i}900,000 worth. 

Owing to the oiUtireak of the Eurc^pean war great changes occurred- 

In 1914 the United Kingdom imported 400,000 nf [Xilm kernels, and in 19151 jfz,500,000. 

The fruit of the African oil palm is on tbe^Lvurage i^in. long and in. maximum 
width, and grows in large bunches weighing about 14^ ibs., and measuring la in, 
long by 10 in. across on the average, 'i'he fruit consists of a fleshy outer layer or 
pericarp surrounding a liard shell, inside of which is the seed kernel, 'llie fleshy 
pericarp forms about 35 per cent, of the wliule, the shell 50 per cent., and the 
kernd 15 percent. The pericarp conLiin.s 50 fier cent, of oil, while the kernels 
contain 45 per cent. 

Palm oil is derived from il^e fleshy pericarp, while palm^^kernel oil is 
derived from the kernel inside the shell. (l'"or prtj[)orlics of the oil see p. 129,) 

The fruit rapidly dcloriorale^ scum after gai1ii.-rin^> so iliat it Js impracticable to ship tlie whok 
frnit to KnTO|^ for uil extraction. Conseijmrutlj ihc palm oil is rcci>ve]fed hy ifiti African natives 
on the S[iot from the fl^^shy pcricnr]\ while Ihc nuts oi arc sent overseas to \k crushed in 

Euro^ieon or American factories, the resnhia^ pirtduct l>ein^ *'palm-kcniel oil." Ji must be 
ppticubrly noted that palm oil froiu the iJctic-.irp is <|ultf a diffcrcnl ptmluct from palm-kernel 
oil from the nuts. 

Working: iip the Fruits for Palm Oib'-(rt) JVatw^ M^c/ltod—ThQ 

native method is crude, and results in the loss of 50-70 per cent, of oil, the oil 
which is obtained being also largely liydroltscd to fatly acids. Hie ripe fruit is 
allowed to ferment or rot in the presence of water, so that the hard fleshy pericarp 
is sofleired and can etisily be separated from the nuts, which is done by beating 
the softened fruit to a pulp, and then picking out the nuts from the mass by hand. 
'The pulp is tlien boiled wnth water, ajid the oil skimmed off the surface. 

Once hydrfilysis of the oil iscls in il ccjnluuics, so that fn^tpicntly palm oil will arrive in h^arnpe 
conUunlng 50 \xt cent, nf free huty acid. ConEi^qutnlly, judui oil h usually oidy fit for maki^ 
soap and c.indles. It has btitn to extract palm oil on the spot, and place immediately 

in carefully sealed rlrums quite .lij tigiit sti as to stop pogressive hydro]}sis during shijnnent. 

(^) Modem Many attempts have been made to improve on this 

treatment. For cxami>lc, if the perfectly fresh (and not rotting) fruit is treated it 
yields an oil not containing more than S or g per t'ent. of fatty acids, against 40-50 
per cent, fatty acids obtained in oil from bruised fruits. 

The best method of preparing palm oil is lo steam the fresh fruit for two or 
three hours, afterwards removing the pericarp and treating the whole mass in a 
centrifugal extractor, the resulting oil being of the first quality. The pericarp is 
then separated from the nuts and treated with steam, afterwards being treated in 
a hydraulic cage press, as previously described, 'i'his ensures the highest possible 
yield of oil of a slightly inferior quality. 

Many attempts have been made to do without treating the fruit with water or 
steam, as this is stated to partially decompose the oil into fatty acids., 

Messrs A. F. Craig, of Paisley, have placed machines on the market whereby 
the fruit is }>assed whole and dry between two horkontal curved plates rotating 
rapidly in opposite directions, and fitted with closely curved blades. The outer 
fleshy part of the fruit—the pericarp—is thus cut away from the interior nut and 
thrown away fcom the stones by the centrifugal fdce of the rotating plates. The 
stones left are then passed through another rnachine, where wire brushes scrape 
off from them any remaining fragments of the fleshy pericarp. 

The stones are thus completely separated from the pericarp, and each mass is 
then jessed separately for oil in the usual way. 
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Mcsnn l^vcr Bros, erectrd a modern factory for dealing with the fruit on modem lines on the 
spfit on the West Coiuft of Africa^ The ^chemet however^ failed on account of native oppoattion to 
bringing.in fruit to the factory^ coupled with uWai and uLher Jealouste^i] and the disinclinaliOfn of 
the native to work for money or gof^s for which he has no use or desire. 

Treating^ Nuts for Palm-Kernel Oil<— J'he stones usually shipped to 
Europe to the oil mills and then jiassed through cleansing macHines to separate 
sandj dirt, iron fragments, etc. Next ilie nuts pass to shredding and reducing rolls, 
whereby they arc converted into a meal. T'ho meal is then pressed in the ordinary 
way in hydraulic jiresses, and tlitf fresh oil is, after refining, much used in the 
margarine trade. 

The mlm-kernel oil cake is u^tnl as a t'aUlc fswuL IJemg Rrnnewlial deficient in nitrogen, it is 
best used ill the form of a cumpoiiUe inral, with oiter injuredients. It is sometimes hold as a 

fertiliser. 

Very often the crushed meal is extracted with solvents, A greater yield of oil 
is thus obLained, but tljc residues have less value an a cattle food. 

Attempts have been made to deal with the nuts seixirated on the spot in Africa, 
They are passed through machines for cracking the nuts, the shells being then 
sei>araled from the kernels by automatic shaking or other devices. The kernels 
are then crushed in presses for tlte oil In the usual way. Messrs Craig of Paisley's 
nut cracker and separator is composed of a rat)idly rotating tlrum plac^ 
inside a casing. The nuts fall inlo the drum and are thrown 's ih great force 
against the outer t:aaing, and so are cracked, Thu cracked shells anti kernels are 
then fed down a shaking separator (in the form of an inclined plane, provided with 
a special surface and a shaking motion). I'hc kernels jxiss to one end of the tray 
and the shell fragment.^ to the other. The shell fragments can l>e used as fuel. 

The teclmicai advantage of l^xl^Lcung thcr i^alm nml p^hn^kernp] oil in Africa on the ftpol are 
at ftrsl sight very greiil. 

>'tir example, the fresh fruit ii gathered locally and brought Into the factory- Itefore any 
dcteriLirAtJon of the fiuii can set in ii i^ parsed throng]; machines for reiiiovlig the liesh ur pericarp 
from the fruit as pre^inuily <1c:srrilH:ii, and the scixiraRsl Hes); Irealetl for jialm nil immediately, 
l^he nuK are separated and .^-tored, and then woiktd up later in die fartory when the season for ihe 
palm ha*4 jxtssed. So tliat the faeioiy is thus ihetncticivlly c,i|ialile of working continuously all the 
year round, and not only nt the se.ason when the |jahn fruits are lipe, and so ihe slulT can be kept 
together, 

, An eejuipmeni of such a mill would oonsisL of: (0 Preliminary screens for removing sand and 
other malenals which the natives sometirnes mix with the fruit; (2) deptricarping machines for 
removing the flesh from the mils; (3) hrushin^^ msichines for cleaning the nuts from frozents of 
jiericarp; (4) nut-cracking and kernel separating machinef}; (5) reducing mills for the kernels; 
(ti) sliredding rulb for the kcrneK; (7) liealing kettles ; fS) l)ar cage crushing ]»resses, consisting of 
a Ijreliniinary |ircfis, and intern; id Late press, ,antl a finishing presfi. 

Designs of such a factory have been prcjiared Ijy Messrs Craig, of l^isley. 

The technical disadvaata^eS are very serious of working the ^ulm fruits completely on the spot, 
and in the case of Lev er Pros, led to the aljandonmenl of such a facUiry. 

These iUfficuitief> are; (1} A'ative opposition ; (2) inollirient and unakiUed lahour on the spot; 
(3) loss of the oil cake and residues. If ex[X>rtjeiL, freight would have to be paid on these, and in 
Lmope a giKid pro^t is made by selling the residues from the oil mills in the highly indufttrial 
countries to dairy farmers and otliers who supply these industrial ]inpulatifms with milk and food. 

In Europe the labour is highly inlclUgcnt and efficictit, and an immcdiaie market is met for 
almost every product from the oil mill Oinse<jtienily most firms still prefer to import from Africa 
the raw p^iducts, and wtirk up the nuts in liurO[ie, 

The inaustry, however, Is only in its infancy, and is capable of great development. 


Coco-Nut Oil 

This very imporUtit oil is obtaine<^ by t . ising “ copra ”—which is the flesh of 
the coco-nut—the fruit of a true of the palm family, (For properties of the oil sec 
p, 139.) 

The tree from which cocoa is derived i9 of an entirely different nature, and eexm-nut oil must 
not be confused with cocoa-butter, which i^ obtained from the enco bean. 

The coco-nuts are gathered by'the natives and brought to depots. The nuls 
are then split open and placed to dry. 
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The iplktin^ is itsuaUy i^erfonnf.>d liy mcsin^i of n hammer^ btiL recently it has been performed liy 
machinery, Mesiirs Kc]tie, Duwufi, Tliompscmi lAd., of Ifulb placed otx the market a 
TTUichme dealing; with 2^000 nuts hour, it'quirinfr n^>out 2 H.l\ lo work Ik The nttls arc fed 
into the hop^ier of the machine with their Ini^ikh on, and, runninj^ lio^rn three hent plates* or knees 
which net ns gtiides cf^nie into coninct with tliree rircukr knives of 17 in. diameteTi providetl with 
saw dike teeth, the knives hein^r placcd^ai nfuiri, nnd mELkint; 25 revs, per minute. 

Tile nuts arc cut init* tiirre pans, nnd the |urls arc carried forward and faU on the liase of the 
machine. The drying of the nms ts usually carried um by [I'acicf^ them in the snn. Kilni of rude 
construction are also cmployeii, but uindcrn pr;Lclicc fnvoiir^ the erection of a ll^rlilly iruiit {'hlvanJ^ed 
iron houRc, Ijcncath the floor of which sieani hcatini; }jmes are placed. 

Tl^e drying nmst he carried out caicfully, l»ec:iuse if iilo rapid ilicr lle^h is discoloured nnd the oil 
is difficuh 10 refine, while if lusi slow ilie oil hy<lro1ises, wUh ihe production of tree fntty acids. 

The final resuh cjf the dr^'inj; process is that the tlcsh hucrmies loosened friim the shell and loses 
aliout 50 per cent, of it}< weight. 

The dried copra is exported to ICurcipe in Itnnps, and then ii!oi:s through the 
following processus in order to retliicu it to it meal beforu pn.:ssing. 

j. The co[)ra is sunt over a magnetic separator in order to remove from it 
Iragmenls of iron, nails, hammur heads which it occasionally 

contains, and which, if allowed lo gut into the niaciiinury, may cause a serious 
breakdown. 

The apparatus conM&[^; of a duping, shaking iray [ufiL-n madt- iu the form of a Eirri'cn to cliinmaLe 
ikund, etc.), at the end of which is a |>lhwcr-dlJ^on magtietic ban id provided wUh sevtn ro^s of 
magnetic studs, each row being niuunli^d on a se];jaratu romnniiator ^YecLio^l of ihc l^airel, 

'J'lie non magnetic copra paises over ihe rolntm^ Ijairel and fall-i \r\Ut a suiluMv hopper below ^ 
the iron fragments, bowt-ver, .idbetu (o the uiagnetic studs am! arc i,arrifd mmid the totatuig barrel 
to, the Ijack until they reuch a position wliutcat the section of ihc band to wbirb they ate ,idhciJng 
is auloiuatically demagnetised for a moment so as 10 allow them lo dopp off on to n Iray liclow, 

Such a machine, dealing with 1-1 ^ tons per hour, rccjuircs 1 1 [, 1'. to diivc it. The magnetising 
current is usually 7 am[H.^iLs at vo]t^i. 

2, Tlie copra is now reduced to ii meal in llireu, four, or five separate stages. 

The copra lumps arc usually first run through a prelittiinary breaking 

machine. 

The pieliniimrry break ct of Manlove, Alliolt .'t Oj., of \nttingb.iin, lonsisl^ of a casi-mm larrcl, 
libbed intenially to prevent l)it copm loliiLing jls a mass wilhin it. ln^ide ibis ca'^ing runs a p^wer' 
driven segtncnial wo/ui having a iioaise jiiicli at tlie fi'eil end :md a I’lniT piicb ai (he ildivery end. 
The ciipjJt fragments nrn by tins nuMos drht'n down llic Kirrel and forced tbimigh a hatilefied 
perforated steel plate al the einU A fimr-bindeil knife levolu's agoinsl the worm side of the pLalte 
null cutfi the rnpm asi it pa.ssi's through tliv jirrfomiions, .-ilso assisting its jnssoigi- ihiougb these 
boles. Sometimes an ordinary disintegrator is useil for fiinashmg op tin copia. 

Thu iiarlially broken copra is now retlucud to a finer slate of division by means 
of a series of rolls which slued and crush it. 

In the first sets of rolls the rollers arc of chilled cast iion, and rotate at dilTerent 
rates, so that the action is a shredding and grinding one, 

t'lg. iS shows a slack nf three pairs i>f chilWd cMSl-irurL rolls used for llns pur|x>sc, the upper 
rolh arc u^^iially flutLil, while ihc kiwrr ndb arc plnin. The rulb urc often 15 m. m diameter and 
3&in. long, and deal with 12-20 uwb of copra pci hi>ur, and cunsntne K-12 U.V., Lbc rulb making 
45-50 revs, per nimutc. 

The final reduction to a fine meal takes place in a slack of five rolfc rotating 
at equal speeds, the action retpiiicd being one of rolling, not of grinding (Fig. 21) 

The uppermost nills arc usually lightly fluicd, while the fiml rolls are |dain. The output of the 
rolls is tD-20CWl, |x:r hour. 

3, "I'he fine.copra meal tluis obtained is now pressed for oil. 

The meal from the last set of rolls is automatically conveyed to the kettle or 
heater of the presses, which may be either “ An^lo-American or *^cage” type, 
for the first pn^ssing. Usually the malerial is w-orked cold the first time, the 
resulting cakes being ground up and healed for a final pressing. This process^ 
with alight deviations, is used for treating all very oily seeds, such as ground nuts 
(Aracfiides), palm kernels^ sesume, copra, etc. 
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Soya-Bean Oil 

The soya bean is imported from China, Manchuria, and Japan. The oil in 
Europe'is now as important as couon-seetl oil, while the incss cake forms a most 
important food for milch cows, being as valualilc as linseed or cotton-seed oik 
Soya beans contain i8 per cent. oil. In the press they yield 10-13 
(For properties of the oil see p, 132,) 

Rape or Colza Oil 

The rape plant is grown largely in Europe, Russia, and c'^oecially in British India, 
The seed contains 33-43 cejit. of <iil, and is frequently extracted by solvents, 
(For properties of the oil see p. 131.) 

It is iitatcd that the oil contains a pusonou'^ principle, nnd in C{^nscqucn''e rape seed cake is not 
valued as a cattle fcxid. It i- used as a manure. 


Mustard OU 

Mustard oil is obtained from the black, white, or wild mustard plant. It is 
very similar to rape oil. The cake, after cru.sliing, yields the ordinary domestic 
mustard. (Kor properties of the oil see p. 132.) 

Sunflower Oil 

The hunflower is cultivated on a very large scale in ('!hma, Russia, India, and 
Italy. The oil obUiined from the seeds is considered to equal olive oil for ethble 
purposes. 

The seeds contain 20 23 per cciiL of oil (Kor properties of the oil see p. 132,) 

The press cake is rich m maiitr, nnd a very valuaUc and palalahlc cattle 

fcx>d. The ^edb> indcctL iiit used iti Riiisia lot human fuuth 


Poppy-Seed Oil 

Poppy seed contains 45-50 per cent, of oil. 'I'hc seeds arc usually pressed 
twice* The first pressing is tarried out in the ciild, and the 'W:old’drawn ” oil 
thus obtained is almost colourless and odourless, and |>ossessos a pleasant taste. It 
consequently forms a valuable salad oil and artists’ oi). 

T'he second pressing is carried out hot, and yields an inferior oil 

The press cake is rich in nitrogen, and foruis a valuable cattle food, (For 
properties of the oil see p. 132.) 
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MANUFACTURE OF VEGETABLE 
OILS BY EXTILACTION WITH 
SOLVENTS 


Extraction of Oils ANr> Fats uv Means ok Volaitle Solvents* 

The oil rakes obtained by the press) process may contain anything between 
7 and lo per cent, of oil. Such cakes are often sold as a valuably cattle food. 
Occasionally, however, when latter iiaantities of oils and fats than can be obtained 
by pressing are desired, the rest of the oil is extracted by solvents, which can be 
easily made to remove all except, ^xirhapsj r \ k^t cent, iioncs are extracted in the 
same manner 

IndnstriiJ Solvcats^—On ilic sciilr foat vilvLiiti; arc cniplu>i:t1, vi/,, carlrim dbulphide, 
j>p|TC]1cLjin clhcr t:Lih[>n tolracliloiklc, nitd Ik-h/ciic 

Chloroform and ether, ahlinii|Tb cxivllcnt solvents, at present tuo dear lo employ fnr 
cxiiaclini; on ihi* Ieu^c scak'* 

Carbon disulphidCs CS^, Unh at ^6" C.. .md lus a NjfH ol J.^93, “tp. hi, latent heat of 
evapL 79,9. It is a ^ilourlc^is litpiid and snicIJs .something like ddoiotorm. When impure, 
huwuvcr, it contains cvil-timeliin^ hiilphur tn>m which ii may Ik find licit by dUtilUng 

hrxl over hod'um failxmaU- and Uitrn n\cr Inshly pic^iscd plant nib, whiidi retain the&e impuritiet 
almost com^>]etdy* Carbpn dbiilphidc endly indames, and su is a suUtitnre, Its vapour 

bomelimcx catchc-s fire when in contact with hot metallic surfaces heated to aliout 1 ^ 6 ' (\, su that a 
vir>lent explositjii i-an Lu cau!,e<l inurcly i>y a liot sleani pipe nr lieario^ healed by friction. 

Eictructicn willi ciirtiyn dbulphldc ha-s rctichtti a very high degree of safety and perfection in 
h’rana. 

The enrimn disulphide is lieaviiT tiian waicr, and b licpj safe fiuin nil danger of jnfiainmation hy 
heing covered tiy a layer of water during tlie whole lime il b iii nperation* 

l^ure carimn disulphide hcis no action on Inm. impure carbon disulphide h said lo attack iron, 
aiul is ^id to have caused ignition owing tu thiii action. 

The vapiur of carhnn disulphide b poisonous. A technical dismlvaniage U ils higher specific 
gravity. 

With petroleum ether, hoiling 1 k.Iw«'Ii Ko" jjo" (\. the danger nf indiimLnution is much less 
anil at the same lime it is chenficrH It is, iherefon', giadultly rephLciiig carlxm disulj^hide. Carbon 
disulphide, hoi^ever, b the liettcr solveni, Tcsinon^ faK and old pidm ^il heing much more flohihfe 
in it than in pclTolemu, Hp, gr* Ol 72-0*75, sp. ht. 015, laicni heat ofevap. So. 

The gre^ idvantages of petroleum ether (beiume) are—frj it is entirely wiUioul aclion on 
inelaLs; (2) Us low specific giuvity. 

It should, therefore, lie very eareiuUy dblilled..iO that si 1 ong-smelling, high-hoiling oil sure emitely 
removed from it^ieforc use. The fmefion 9o^Jlo‘’ C* is tlie best to use for sulvcnt extraction, 
but iOO‘'-125’ C. fmetion^ arc moslly \Xhcd at the present lune. 

Cnrbon tctrftchloride, CCI4, is a good j»] ^eni, i.ig easily v(riatile (B.P* 76.5" C*., sp. gr, 
1*62) and non-infkmmable (sp. ht. 0.21, latent lieat of evap. +6.4). It b licing Boipioyed for ex¬ 
tracting bones and Cats, the products ohfiinotl having a gtHjd colour; the odour of the tetrachloride 
can be completely expeUed by bluwLng«Leiiiri through the oil. Oils euLracted by,«trQleum spiril 
alwap retain its smell. Tlic main di^vaniagc thit carlion tetrachloride suffers from is its great 
weignt (sp. gr* 1.^82), its dearness, and the fact that it atlack!i iron and coiiper work in the presence 
of moisture, and hence lead-lined vessels must be employed. It must lie noted that both carbon* 
disulphide and carbon tetra^loride a iJObonous phyaiological action, whereas petroleum spirit 
b not poisonems enough lo affect the workmen. * * 
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Other chlarhjdrocarbons have lieen placet! on the market for cxtracimg pmposes: Tridiloc' 
ethylene, boUHatS8''C, gr. [.47, sp. ht. Attacks Iron and alummium, and is 

best Uficd with lead-lined vesscK, The satnr applies to perchlorethylenc* CjGj, 121, p. 
}.62j ftp. ht. a22; alsti tetrathlerethanei BA\ 147’ C, sp, gn 1.60, spL ht. 0.27 ; aJKi 

to pentMhloirethaM, CJlClj;, KP. 159, sp. gv/i-TOi sp* ht. 0.27. 

All these chlorhydrorarbons hydiidihC to a ct^rtain extent when water is present, forming hydro¬ 
chloric acid, wiiich pltacks iron and copper and aluminium, Pur not lead, to a great extent, and also 
caiuwt discolnrutiun of the fats. 

TrichlorcthyleTic, however, h^is been used recently on the large scale in iron extractors for 
recovering fats where alisolute whilenes«i is not imjxrrtant. 

The great iwivantflge of all Ibc'se cWorhydrOcarbOnS is ihcir non-in flammabiUty. 

BenKOt (beiueenc) Imils at 80,5'' U, and freeics at 0' C Iti *.ppcific gia^ity U 0,8799 20“ C. 

The substance i'^ an excelkrni Mdvtnl for fats, btit is not so widely used as I a: urine or petroleum ether, 
tl is very diificult t<i tlimmatc from oil and meal. 


Geri«ral Hemarks on SoWetits 

The suitability of a solvent for industrial uses is innuenceti by the following considerations :— 

([) Cheapnes*. -In all extraction plants the solvent isiccovererl by evaporation and conderraing 
the vapours. A small amount of s^dve nt, however, is invariably lost on every extraction, being in 
part retained in the oil or seed, and in part due to leakage of va^>our through joints, and in part to 
imperfect condensation. Hcnre the cost of a solvent is of prime im^Kirtancc, and for this reason 
many CKcellent solvents have failed to establish themselves on the laigu scale, although considerably 
luperior in many of their properties to those now in common use. 

If a plant could he designed in ivhieh there was practically no lo^s of solvent the first cost of 
solvent would be almost inunaterial, as the expense would l>e an initial one, and a given quantity 
would suffice for any number of extractions. 

( 2 ) The 561tWit should not Act on Metals.— Since iron is the cheapest metal louse, a solvent 
which does not act on iron has technically a great a<lvant;tge. 

Copper, alumlniLiin, anti kaddlued vl-swIs arc cm}doycd very extensively, but of Cfiursc are 
expensive. The de] in elation of plant is of considerablL' financial iinpriance- 

(3} Non-mfianuMbibty-—Solvents which are imn-inflatnumble are technically very desirahle, 
since the cost of fire insurance is thereby much diminished. The danger of explosion and fire are, 
however, in modern plants very small. 

(4) A low spedfit; gravity is an advantage, l^ecause since a given volume of solvent is essential 
for extraction of a charge of seed or Umes, it is olmoui that a 5 <dvent of high specific gravity is 
dearer than une of lower gravity. To give a concrete case, i ton of petroleum ether (lien^inel of sp, 
gr. 0.72, tjccapia'^ 301 gallons, whereas 1 ton of carbnti tetrachloride of sp. gr. 1-632 occupies 137 
gallons. Hence t ion of petroleum eihci will ||jo 301/1 ^7-2.2 times as far os i ton of carbon letra- 
chloridc. Hence, in order to get the coinparfttiTe prioea eda nunihcj of solvents, we should multiply 
their pdet per ton I7 their Bpedfic graTlty. 

There is one advantage appertaining to solvents of higher sjx^ciflc gravity than water, and that is 
they can always be kept covcnsl with a layer of water, .“lO as to slop Insa by evaporation and also 
diminish any danger of fire if they are inflammable. It is in this case desirable that the solvents 
do not mix with water. 

The aptdfic heat and latent heat of evapora! ion must lie low. Since in the course of the 
extraction the solvents arc raised to ihcLr boiling jioint and then gasified and recovered by 
condensation, it is obvioua that a brger amount of foci must burnt under the boiler to gasify 
a solvent with a bigb spceific heat and latent beat than one with low ones, albo a larger amount of 
water is required to condense the vapours again. 

For the same reasons the boiling point must be as low ns ^xissible, except in the case uf the ex- 
iractton of hones and materials rnntaining water- ffere the use of a solvent boiling at a higher 
tcmpciatorc than water is desirable, since at ti niperatures above loa" C. the water boiU away, thus 
allowing the solvent to [xirmeate the material freely and extract the fat. 


Methods of Extraction 

Benzine. —Two mi^thods of extraction are employed:— 

1, Extraction by cold solvents. 

2. Extraction by hot solvents, 

T, Cold Extraction. —Ihis is preferable as regards fire insurance, and 19 
largely practised with carbon disulphide for obtaining palm fats out of palm kernels. 
The crushed and warned seeds are charged into a (Fig. 34) (one of a battery of 
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six closed Iran cylinders) on to a perforated bottom F, covered with s^kcloth, and a 
stream of carbon' disulphide froni a reservoir is allowed to percolate through^ 
passing in by B and flowing away by l (which is provided with a strainer) into the 
next cyfinder of the series. The solvent thus flows through each cylinder in order^ 
from the top to the bottom, remaining for a shun time in each before passing on 
into the next. The solvent leaves the battery charged with about’ 50 per cent, of 
fat. The exhausted cylinders are heated by a current of steam jjassed in through c, 
and the solvent still in the seeds is driven off through u, condensed in long tubes, 
and used ag^in. The solvent containing the kb is pumped to the bteajii-heated 
still K, where the solvent is boilcrl off by the steam coils j, k (Fig, ;t5). The vapours 
rise through m, and the solvent is recovered liy condensing the former in a s[}ecial 
condenser, U'he residue of oil or fat left in u is freed fri»m scjlvent by blowing steam 
through ig after which the oil is run off through p, and allowed to stand until the 
condensed water has sejiaiated out. The battery of ves^seJs is so constructed that 



anyone can Ik; made the last of the series, ready to be discharged and refilled with 
fresh meal, so that the process i.s a pmciicatly continuous one, the only time lost 
being in the actual refilling and discharging, which is effected by removing the 
clamped-down cover from a* 

The loss of solvent amounts to only 0.5 per cent, to r per cent, on 100 parts of 
fat* The*fat is digested with a little concentrated sulphuric acid, and drawn off 
into wooden vessels, Kat oiitaincd from carbon disulphide extraction is nearly 
odourless, whereas that obtained^by this process from benzine still retains a slight 
odour of this solvent, and may be used for in;»irlng soap, 

ihctwji a typical coltl extraction pknt u^-eo tor extracting greiue from hides, or similiir 
OBteriAL which k spoilt hy heat* Fig. J7 ^hows t photographic view of the j^ant. The j^kins 
are hang c>it a frame or and are run into the square extractors A, four of which aie 

shown in lerieK. * • 

The benzine b then pumped from the tank it, by tneans of the pump c, into the extractors a, 
and entEFb at the top !□ the form of a fine £pray. It Uien passes down over the material, extiucting 
the grease m so doing. The fat^rich licnpae passes from the botton^ of the exlractois and ia 
pumped to the still ly, where the benzine is distilled away b the mmal mujoer and the frt left * 
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behii^d. In order to removt- the last traces of benzine a currcni of live at^am isi naually bbwn 
throujjh tht residual fat. 

The skin'i bavinp thus washed wtih benzii^e, it is now cssenlial to dry them mthcrat using 
free ste^mit as this would damage ihe goods. 

This drying is clfccled by hot dry air in the following mannerAir is drawn out of the 
Ixrttotn of the CJttractors A by means the fan k; this aiitthen passes through the condenser G, 



where il is cooled, and lieni^inc and moisture arc deposited! The cooled air then passes on into 
a heater n* where il is warmed, and ihen once more passes itilo the estractoi a, entering at the 
top, where the hot dry air once more ahsorU a charge of benzine and moisture froni the Hkin» 
It again is pump(;d away at the bottom c»f the cxlractors by the fan t, and the cycle is repeated 
until the skms arc dry and l^nainc'free. 

This plant is used by hat manufacturers; for rabbit ski^ ; also by tanners^ in making boi caif 
and chrome leather. 

2 * Hot Extraction.—In this process the extraction takes place continuously 
.with a limited amount of solvent charged onoe for all into the apparatusj which is 
merely an enlarged form of tke Soxhlet extractor employed in the laboratory, 
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An apparatus extensively used for extracting fat from bones by means of benzine 
is illustrate below* 

The degreasing boilers Aj A (Fig, 38) are filled with air-dried bones which rest on the 
perforated floor «. The lower space v is heated by means of a steam coil d. By 
means of a nozzle A live steam can be blown in. Benzine is healed in the boiler c 
by means of a steam coil, and the benzine vapoui^ rising upwards,,is superheated to 
tzo'’-i3o“ C. in the tubular superheater i> by means of high-pressure steam* The 
superheated benzine vapour issues from small lioles in the lube r, and streams 
upwards through the bones* Part of the vapour condenses here, and flows down, 
carrying with it fat extracted from the bones, and collects in u, where it is continually 
boiled by means of the steam coil d. Tart of the benzene vapour escapes in the 
gaseous state through /*, and, together with tlie water simultaneously expelled from 
the bones, is condensed in the cooler e* The superheating of the benzine vapour 



Fjo. iS.—Hot FKlTDcting Plant, 


is necessary in order to dry the bones, and thus enable the solvent to more thoroughly 
penetrate them. When no more water [passes over the process is complete* A 
current of live steam is then blown through the apparatus by means of the nozzle 
and this soon drives the benzine out of the fat in n as well as that still remaining in 
the bone? in a* The benzfm^ thus expelled, together with condensed stegm, collects 
in tlie water-^jiuTator F* The benzine, Uemg lighter'than ifie water, collects on the 
surface and flows continually ou\ at ^ into the benzine reservoir g, the water flowing 
away by From the reservoir G the benz=' flows into the lower-situated vessel 
^ and is used over again. 

It will be seen that very little benzine is necessary to eflect extraction, the same 
benzine being used over and ov^ again* Bones treated thus yield fi-j per cent* of fat. 

Fig. 39 shetwsi a typical Imnc cittraclion pituil macU" by ScoLIk, Kingsway House, Loudon* 

The malerial to Ijc cxlmclcd is placed in the digteters or exiiactors i and Z, and is thpre 
treated with benzine or other volatile soltcnl. Tlie digesters are snpplicd with sieam coils, so 
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thit the solvent boils, the v*pouTS passing along the pipes 3, 3, 3, through (he tubular condensers 
4 and where the vapours are condensed a counter^current of cold Itvater^ and the liquid 
^vent, (roe rrc^ui grease, coUecls rn the Untc 6 ^ 

The separate water passes away Hrst through a water separator (not shown in the (igure)^ 
advantage being laten oflhe fact that there is a difference in the spedfic gravity of the two litjuids, 



the benrine (loaling on the surface of tl^e water, so that the water continually Hows away at tfje 
bottonit as it comes over with the l>enzine. 

The solvent u then pumped liack from this tank to the extractors i and 2, by means of the 
force pump S. There is thus a continual circulation of solvent over and through the matter to 
be extractetl in the extractor;. 

Finally, when the extraction haa proceeded far enough, the solvent, rich in fai, ii pumped 
from the bottom of the extractors i and 2 into the still q, and the last truce of solvent iit then 
^distitl^ away from the fat, the recovered fat in the still tieing finally steamed to remove the lost trace 






FiGh 40.—SolvcTiJ lixlrnctitm Haul ft^r IfuDCSr 
View of I'lxIracLofs. 

(nScoiis, Kirigiwiy Houiv, IhOjilIuh.) 



Fig* 41-— SoWent FAlr*clion Plant for gones. View 
of ConilensttS, SUJl, an^l Storiige^ank* 

(Scotts, KlnffMray Kouie, London.) 
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of solvent therefrom. The vapours from the still 9 we condensed in the tubular' ctmdeMeri 4 
uid 5, and the solvent is recovered in 6. 

Any tracer of solvent remaining in the deg^eiuied material left m the extractors i and t are 
recovered by steaming the charge in the extractors with “open" or direct steam, the mixed 
vapours coming from iRe extractor pass away to the condensers 4 and 5/and the condensate to the 
lank 6 via the water separator as before deacrihed. 

The plant described is only suitab[c for material which'relains its structural form under treab 
ment, and does not tend to bind or break down into a sodden mass, Other materinls require 
apparatus of special design, generally with agitating gear, to which some reference is made later. 

The same plant is shown pholcigraphically, with slight modifications^ on p. 71, Fig, 40 sliows 
the cxtraclois witli the elevator for conveniently charging thcTn, while Fig. 41 shows the condensers, 
still, pump, and solvent stuie tank. 

A more modern plant, fitted with agitators, is shown in Fig. 42, It is used for 
extracting oil from seeds. The seeds are first ground into a meal, which is placed 
in the extractors k Here they are subjected in succession to three operations, 



Kiu. 42.—Extrciction Plant with Stirjt^r^ for Oils from 5 eed‘i. 

K.iii£Sway Huuv*, 

I, Eitractnrs; 2* Va|XJTiser; 3, Vapour pipe; 4, Charging hole; 5, Discharging 
door: 5 , Stirrers; 7, llen^inc storage tank ; S, Muitjjile siJJI; 9, Feed tank 
for still; to. Condenser; u, Water heparator. 


viz.: (i) washing with hot liquid benzincj (a) treatment with hot benzine vapour; 
(3) steaming to remove benzine. ^ 

I. Hot Washing with Benzine,— The benzine is pumped from the storage 
tank 7, through a heater {not shown, but situated behind the extractors j), lo the 
top of the extractors, the hot liquid thus filling the extractors completely, and, 
percolating down through the mass of meal, dissolves out the oil. The liquid is 
pumped away from the bottom of the extractors up into the feed tank 9, From 
here it is fed down in a continuous stream into the still 8, which Is of a special 
construction, oom|»sed of a number of trays, similar to an ammonia still (see 
Martin’s “Industrial Chemistry; Ino^^anic,” Vol. IL), Here the benzine is 
cpntinuously distilled away from the oil, iho benzine vapours being condensed in 
10, wt»ereas the oil runs out continuously at the bottom of the still. 
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Consetluently the oil js only heated for a. short time, and so it is of an excellent 
quality. Prolonged heating is detrimental to the colour of oil. 

a. Treatment with Benzine Vapour — After the hot washing of the 
ground m^l with the henstine comes a further treatment with benzine vapour. 
The benzine vapour is produced in the vessel 2* shown under the extractor i, 
the benzine being here heatedly steam coils until it boils, the vapours passing np 
through a pipe (not shown) at the back of the exiracior t, and then out at the top; 
the vapours pass downwards through the meal, then traverse the pipe 3, which 
canics them to the condenser The lienzine condenses here, together with 
water evolved from the seeds. The mixed liquids pass into the ’water separator 11, 
and the benzine passes on into the storage tank 7, the vfo.*, :^r running to waste, 

3. Steaming to Removo Benzine. —After the treatmcin with hot benzine 
steam is blown through the residues in the extractor j, (n order to remove Ihe last 
traces of benzine. 'Jbe steam and benzine are condensed by lo, separated by 11, 
and the benzine stored in 7 before. 

Method of Workltigf the Plant—A dingramrnatic 5«;lioii of the plant shovm in Fig. 43, 
BS adapted for extracting oil from hccds. nieEicmtid seed meal ptuseK aUmg Lite conveyor A and 
falls iiuo ihe su>rage l>)n^ 11. Frum hcie llu- chargr can Iw placed intii the exiracLors t> through the 
charging holt: c. The extracted charge ifi rrmovc<l through the door in ti dry condition. The 

extractor n in t^nvidL-d with an agitating shaft i, driven liy means uf a belt pulley 2, worm and 

worm-wheeL The extracinra n arc in duplicate, so that one can be working wiiile ibe fitber is 
cbrrging. In order to inirod^ice solvent from the store tank t into circulaiioti, ;iii'' to wash the seed 
meal in i> with hot liquid solventi the vaL\e 6 is ^hui, and the valves ifl anil iq are opened. I he 
solvent from j is then allowed to flow down the pijre 20 lo the vaporiser i\ This is a stcaui'htjued 
tubular binler. i'j^ri of the solvent is here vaporised, and passes n]i the pipe 7 into the extractor 
n, while ]vtrt uf the liol solvent In the form of a hot liquid flows out at the Liottom of the vaporlseT 
y through ^ along q into the |uim|i k, which lifts it up the pipe 10, along the jiipe 2E, into the Lop 
of Lhe exLraclor n. The hoi liquid soUent pas^^cs down through the meai, extracts ibeoil therefrom, 
and flow* away from (be bmiom uf the exlractoT ihrcvuEh the pi^ie 4 and sight glubS 3, ihiough the 
valves 22 and 23, via ihc pipt' 9 into k again, and ibence luitV once more via pipes lo and 21 
into n, so iJial in ibis way the meal in u can l>c Wiished witli hot nolveiit. 

In order lo wa^h with cold sol vent (which is sometimes required) the vaporiser v must lie cut 
olf. To d<i this the valves b and 18 are closed, and the valves 19, 22, and 23 are opened. The 
solvent ami Its dissidvcd r>i 1 pusses ont from the U>ltutii of the still, and reaches the pump K, paissea 
through the pipe 21 to the top of the e\traetor n, down through 4, 22, untl 33, along 9 into the 
pump K ogain, sn that a cohl extraction is possible with lliis plant. 

In order to treat the meal with solvent vapour the valves 6 and iS are opened. The solvent, 
^ntaining the oil, flows aw^ay frcim the extractor o through Ihe jiipe 4 and the sight glass 3, through 
the |>ipe 5 and valve 6, into the vajioriser K Part of the solvent is here vaporibed, tile vapours, 

passing up the pipe 7» enter the extractor n at the to|^ 

llie remaining ^TortJon of the solvent, containing the dissolved oil, runs from the fo<it of 
the vapoiiser y tlirongh tlic pipe 8, ami do wing along the pi[^ 9 reaches the pump K, which lifts it 
up through the tube TO to the still fhed tank u 

From here it flows by the pqx' n through a tubular “lieater-condenscr” or “ heal-exchanger" 
N (in which it i>i heated hy vapours coming from the still M, which ft serves to partially condense), 
and from N it guws via the pipe 12 into tlie continuous still M. Here U posses down the still, and 
in so doing is complelcly deprived of solvent hy a counLcr-currunt of ste:im, the oil ftowing away 
CDUtinuously in 3. siilvcnL-frfe cimdilion at the bottom of the still. T)ie Solvent vapours pass up hy 
the pipe 13, and passing through the tubular condenser N are partially condensed by the couniet- 
current of lic^uid flowing from 1. to the still * the heat thus alistrocted going to lighten the work nf 
the still hy preheating the incoming lk|U]d. The partially condensed vapour Is completely con^ 
densed in the two tnliular cnnclensers i;. Here steam derived from the still and from the water 
in the n ^1 is also condensnK The solvent and water flows from G throagh 15 ioto the water 
separaLu^tt. The water flows out below through the siplion Lube 16, while the solvent flows 
away from 17 into the solvent Ktore lank j, when it Is ready foi reuse. 

When the*t!xtraciian of oil fronkihe meal is nearly cumpletcd, the solvent drawn oiT from the 
extractor is very poor in oil. This poor liquid is not seat down the still, hut pumped tu a “liftlf- 
spent" solvent tank and reused os the first charge c'' .^Ivent for a fresh charge of moah 

When the extraction of the meat is compiLted uaces of solvent must Ik removed by steaming. 
To do this the valves 6 and 24 arc shut, and the vulve 25 i^ o^Kned. Dry steam (not superheated) 
is then let into the exlraclor t> tlirough the valve 25, and this steam, blowing through the meal, 
removes all trace;; of solvent therefibm. The steam and solvent vapour pass up the pipe V into 
the condensers g, and traverse the water sejnoUor H, the sef^rated water running to waste, while 
the solvent lientine pisses into the storage lank j. Finally, the doors E of the extraetdts ]i are 
opened, and the meal, now quite dry, is removed and fed directly to calile or horses. 

Very little labour is required to work the plant, two men operating the largest sizes. 



Ofl-S, PATS, AND Wj1X£S 


ol sUftm consumption is considerable} the coal leguired per ion of raw material being 
1-3 CWt. » r 

The loss of solvent works out on the avemge as ij gallons per ton of material treated. 



For raakiDg e^sLimain the liennne Loss can be put as f per cent, of the quantity of material 
r^icfracted. 

The ftemine used should boil between 90'-no" C., but the range 100*-125'' C. is often used. 


Fig. 43 .—Scotts Extraction Plant for Seeds. 
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Merits and Demerits of the Methods of Extracting Oils and Pate 
by Pressure and by SolTent 

1. Edible oils and fats are not usitallj’ prejiared by extraction by solvents, since 
enough solvent is usually retained to imjxirt a nauseous taste. Such oils and fats 
are, therefore, usually used for tnap-making and o^her technical purposes. 

Improvcmcnljs in plan!, ami csj^ecLally in llie maniiracliiTv :ind careful (if solrenlf^ are 

staled to Imve avergotiie this difficulty in runny cases, and cdihle cocoa-lnilter and othfir fats and oils 
ate slated to have l>een prepared l>y extraction ^mocefUies iilyne» 

Indeed there ore a numlier of plants^nt work in England using the chemical solvent extraclion 
procesfi for producing eilible oils used in the nianiifacturc of first-grade margarine* 

2. Thi; solvent process extracts the fats and oils to a 'ar larger extent than the 
jjTCssure process, only about i per cent, of oil Ijeing left in the extracted seed, 
about 7'io per cent- in the pressed. In many cases a combination of pressure 
and solvent processes hs the best, oil being first expressed ard sold as edible oil, 
and the residue, still fairly rich in oil, is extracted, and the oil thus obtained sold 
for soap-making and other technical purposes, 

3. t'lxLracied meal has been stated to be unsuitable for feeding cattle. This, 
however, is incorrect, siiu'e large quantities of extracted meal are now used hfjlh in 
England and 1 Europe for feeding ('attle. It is usually mixed with [»ress cake, bran, 
or other material, and fed to the cattle. 

mke, containing 6-id per cent, of i$ olivimisly richer fixKl ihu. cxlrnclcd meal, 
bill it i'? certain that n high peicrntuge ■>! r»i1 m cake has not c^uite the vnluc lhai it fnniKTly 
iH'Ueyeil to possew. EMrcirtcil meal is richer in allauntnrnils than piesR cake, and alhkincinoids 
are regarded as the flesh-fgrTntni^ element in find. 

At ihe prcbcnl time, Imwevcr, seeds such eis linseed and t‘ultnn an^ ui^ually crushed and not 
cxtraclcd, tiecauKe a Cfinsidcrahle demand exisis for liiis^'cd and coUon-Kecd press cake conlaming 
a considerable percetuage of nil, this being considered a valuable cnLlle VlsLiracted lin'iced 

or corton-.sced, mi ihe othci tiand, cannot readily Iv sftld as a cattle fund, aUbough if U doubtfgl 
(a.s ahovc mentiuaedl whether (bis is due td mere prejudice, or whether it founded on aclual 
experience. 

4* The solvcnl'cxtraclion process has great claims for atteiilion when the 
press cake or residue is not suitable for a cattle fond, and the main object is to 
obtain as great a yield of oil as [lo.ssihle* This hiq^pen^, for exani[ile, with rape 
seed and casLor^oil seed, the residues of which are only suitable for manure. 

ExlractL-tl meal is Ix'Uer than piess rakt as a mnnure. I( has lieen proved ibul the presence 

oil in a manine ib <leliimen(al, it preventfi the nmnure being rrmllly a^^imilaled by the soil, 
and defend!; the ferliliscr bum Lhe atlack^ of the ^>uil urgaiuhiii!; which cmiverl tf)e cnn^titucnlii 
itf the rerdtiscr into hnniediale fuiub. 

^^es^ orlie, in adclilhm (o puvaesdng the defect of eiinlaining oil, lias In be broken up before 
it can lie applied as a hianure. 

Extracted meal, tin the other hand, is already in a broken cimditinn, and so U readily applied 
as a manure, and ba^ little oil in it. 

5, The solvent'OXtraction process has often been recommended for extracting 
seeds fresh at the place of production, thus saving the deterioration which invariably 
results wheti the seed is shipped long distances. In this case the residues are 
used on the sijot as manurcK, while the oil alone is shif4>ed, thus saving freight, 

6, "^riie plant required for the solvent process is comparatively simple and 
inexpensive, as compared with the crushing process. Only a small amount of 
power ^ necessary for driving the plant, azid the labour required need not be 
highly billed. 

7, It shpuld be noticed, (however, that the oil seed crusher charges for the 
percentage of oil left in the cake at the same price as if it were separated from the 
seed. Consequently, it dues not matter to '1? oil seed crusher how much or how 
Uttle oil he leaves in his cakes. 

He gets the same price for the oil whether he leaves it in the* cake or whether 
he recovers it. Hence by extjacting more oil by solvent he would not realise more 
money for the oil originally contained in the seed, and indeed he would lose if he 
did not succeed in selling his extracted meal as a co^ttle food* 

It IE abviouE, tUertifure, it ii a of clfv^e Etiuly which process^lhc solvent extraction pi 

the pressing process—should he adopted in practice, as sevembfaclors are involTed. * 
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CHAPTER VIII 


THE REFINING AND DEODORI- 
SATION OF ’ANIMAL AND 
VEGETABLE OILS 


Nature of Impurities to be Removed in Refining 

Oils pressed in the cold from quite fresli seed require little or no refining. 

When the oils are hot pressed changes are produced by the heat on the oil while 
still contained in the plant cells, and as a result the oils acquire a mo ^ pronounced 
taste and odour and a darker colour. These effects are probably produced by 
albuminous substances getting into the oil~either in the form of a fine 
suspension or actually dissolved in the oil. 

In the case of animal oils or fats a low temperature of rendering and perfect 
freshness of materials arc the essential conditions for obtaining a fine firoducL 
llie impurities causing a bad taste, smell, and odour arc also probably cif an 
albuminous character, or decomposition products of them. The presence 
of free fatty acids in the oil causes an unpleasant taste—tK so-called rancid 
taste—and anything more than o.r per cent, free fatly acid must be removed 
in order to make the oil neutral ” tasting. 


General Methods of Refining and Bleaching Oiis and Fats 

The actual process adopted de]>ends somewhat upon the nature of the oils. If 
those are fresh and well made, they may Ijc worked up directly into technical 
products without any refining. 

The presence of free fatty acida— causing rancidity— in the oils is easily 
removed by treating with alkali (see below) and removing the resulting soa^is 
by washing. The removal of the albuminous matters, however, is a more 
difficult problem. 

The following are the chief methods employed for refining oils: — 

1. Heating the Otis.—The" tcmpciuture imisi bt sufficient to ooftgnlale and destroy the 
albuminnus mutier, wilboui iiflecting mu oil. 

A hejit irealtnenl is often applied to linseed oil (which see below). 

2 . Stoamittg the Oil.—Either superhcnled ur wel ^team is blown through the oil, sometimes 
in a vacuAh and sometimes under ordinary pressures. Volatile odorising principles nre thus carried 
away, and the allminen congulateU. 

Medicinal eBtor oil ana .^ome cdihJe oils arc said to be reHtied by this method. 

3- Cooliflg: the OUl.—According to Gernun Tatent. 163,056, and English TatetiL, 10,326,1(^5, 
albumuioas substances are precinitated to ^tne when liquid oils are cooled. Obviously 

this method can only be einployen in the case i.f oils Liiat will not easily soUdifir. 

4. TrtBtiivg with FuUeris fiArth, Cbiuft Clay, Decoloriniig Cirho&> etc.'—From 0.2^ 
10 per cent, of fuller's eaitfi may be emplo^d, and the whole is agitated and heated (IkIow 80'' C 
ior edible oila} k>T ten to siKty minutef, and the whole piurlfled through a filter press. Sm p. 90. 
Decolorising carton is more expensive than fuller’s earth, and for oiIg is not more effective. 

^ Qxiditing the Oil.—Albuminous imj^ritiea and colouring tnatters in oils are more readily 
oxidised and destroyed than the oils, so th^t it is possible to blea^ many oils by oxidation without 
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ftpprtciablr oxiduing the glfceridch. The free xcida in ihe oil arc always increafcd by this 
trottment. 

The foMowiDg oxidubg agents are employed :— 

ia) Atf. See p. bleaching of palm oil. 

Ozonised air 

(0 Peroxideit persutphates, pencLxbonateB, perborates. 

(if) Sodlom tiitfate. 

(^) Sodiiuii and potusioni bichromate. 

{/) Nascent chlorine ^from Llearhing powder or sodium dichrninaie and sulphuric acid). Tl)e 
nascent chlorine acts as a bleacliing ageini ljy ii^ oxidising action :— 

2CI ^ HJJ = 2IICI + O 

6. Inducing the OiL—Snlphar d]o^ide sometimes liteaches nils by ledarlng the colouring 

matter in them to Cfdourless substances. *'Ilydrosulphilesand formalilebyde hydroaulphitcs 
hatfe been us«l under naine» such as '' Formikleliydc-sulpboscj late,"' “ 1 Jyibaldiie'' (smlium hydro- 
sulphite and amiiionia)t etc. bee English TaLenis, 0906), 16,250 (1909b I2ti57 (1911)^ 

21*359 32 , 4 SJ (1911b 3,433 French Patents'43^294 ; (iernian Patents, 

195,^3* 314,043, 333,419, 224,394. 

“ Hydrogenatbn ” (sec Chap. IX.) of oil (hyilrogen and n rataly.st) decolorises and deodorUes an 
oil by redLidng it* but here, unfortunat^y, the oil if, at the wme time “hardened.’^ 

7. Charring Albutninoua Matters by Dehydrating Agcnti.—Sulpbark add act.s on 

albuminous malters* chairing them hy the removal of the elements of water. The charred matter, 
on settling, carries down nicist of the impurities in susp(-n:,iun. The oil itself will ]« attacked if 
the acid lie too strong or the temperature too high. ' 

A Cfmcenlrated solution [>f xme cbloiride (s}\ gr. 1.60 1.65) lias a charring effect on 
allainiiuous matter.^, similar to that r>f sulphuric acid* but is CA.i>en5ive to ujrf. 

8. Action of Soap Solutions. —When free, fatty acids arc neiUrahsed in oils by alkali* the 
resulting soap solulions on separation entangh- and carry away many of the impurities. 

9. Bleaching by Light and Actinic Rajs. --Direct sunlight is a powerful bleaching agent,' 
Diffused daylight also bleaches, hut more slowly. The iicticui of liglit, however* is slow, !H, it is 
only nsol in praclfce htr the finest oils* P0fjjj>\ linsf ed, and walnut <;ils For arlists* salad oils, 
tnc^dnal cantor oils* etc. The oil is cxposcl to light in sliallow trays covered by glass* or in flat 
l^ottles. While beeswax, white ciccjii buKtr, etc.* ran lie prcjiaicd this way. 

Many imtenLs have Iteen t.iUm out for es|nismg oils and |:iis io actinic rays or ulira-violct light 
/roui the t'oopcr-1 lewiU ineicury vapour lamp arid the Uviol laioji. bee Gcftnan l^leotsi* 195,663* 
223,419, 


Practical Details of Technical Methods for Refining Oils 

Tanking and Filtering.—The oils aru run into tanks and allowed to 
stand Dirt and impurities settfe It j ihe bottom, and the supernatant oii heeomes 
dear* Sometimes oils arc Uinked for monlh.s or years at a lime linseed oil). 

A nnich quicker process is direcl fiUralioii, whieh avoids the loss of lime and 
storage space iieuessitatcd by the old plan of suljsidencc* the .sole product'of the oil 
mill being a cake and bright oil, the residue in Ihe filter l>ciiig worked back again in 
the mill, 1'he filtration is eficcled by pumping the oil direct from the hydraulic 
presses through a filter press (h'ig. 44). 'I’his consists of a series of grooved iron 
plates* hollow on the inside, which are damperl tightly together* and wbit h contain 
cloth separating tliem. I'hc oil is thus forced through a suc<‘cssion of cloth filters, 
and the solid matters are caught and deposited in tlie spaces between the cloths. 
Nothing but oil comes in contact witli the jilates, tlie oil passing out at the e^id pure 
and bright. 

iTiere are two distinct types of filter presses:— 

(i) Htcessed frame with centre feed. 

(3) Plate and frame type. 

Fig. 44 shows a recessed frame filter press type with centre feedn In 
presses of this type the plates are made with raised f^ges, sn that when they are 
placed together'in a horizontal series* as shown in Fig. 44* each pair of plates 
encloses a chamber. The filter cloths are hung over both sides of the plates and 
are gripped by the raised edges. In this way the cloths make an efficient joint 
between the plates. 
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Tbe uMtl yf%j of tnsertSnif the fitter cloths £i shown in Fig* Utoalty doobte filter clothi 
ore used. These are joiiwd twetber at the centre as shown in Fig^ 4fi> add jn order to insert them 
one hatf of the cloth is roLlea na and passed through the centre hokj and then both halves are 
spread out to cover each side of tne plate. See n^ Fig. ^ 

SomctimeSf however^ two separate cloths arc with a cxntre hole in each. They are 
each secured ^ the centre hole by bayonet or screw clipS} illustrated in Figs. 461 47. 

In tbe recessed type of filter presB flie liquid to lie filtered enters through thejcentre hole, passes 
up into the chamber between the two platesj and tlien filters through the cloth covering the plates 
OD to the grooved chiinnds on the plate, runs down the grooved channels, and away through an 
outlet at the side of the base of the plate. The outlet hole is shown in Fig. 45 and Fig. 46, C. 

The recessed plate presses are used when the material to tie filtered does not form a solid cake. 
After the press has been opened, the cahes are easily made to fall out on to a conveyor, track, or 
other ariangement beneath the pieis. 

This type of (liter press is also used when dealing witli materials liable to clog tlie passages. 

Cakes, however, cannot he efficiently washed in presses of this type, as there is always a centre 
core of material throughout the length of the press which cimnot be reacherl by the wash-water. 



Ftfi. 44.—Hydraulic Oil Filter Tress, with self-ctmtuined Steam Pump. 

(Rou, Tiowns, & llwinpHn, Uull.) 
h'rcime ri'j'M Ctnfti fetd. 

Fig. 49 show5 a plate and frame type of filter press by Manlove, Alliott, 
of NoititighatS, In this type of^pres.; the plates are made without raised matigins, 
and the grooved portion is therefore flush with the rinu The charabers are formed 
by the insertion of frames (Fig. 50) beti.een ,;uch pair of plates, and the filter cloths 
lie between the plates and the frames. 

^ic f^ pftbsage for the liquid is arranged on the Itorder of tlie plates, with ports leading into 
the interior id the pUles. The maleiial filteicd nft^ in the fraiues can be eartly and thorotighly 
wiuhed. * 

For this pur|Mse tbe plates and frames are arranged with ihe channels for feed inlet, wash-water 
inlet, wash-water outlet, ait outlet, and a separate outlet (or outlet tap on each plate) ftif the filtrate. 
Usually the channerfor wash-water inlet is made at the bottom ^ the plate and frames, the three* 
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Fec^ 45,—kecwsetl Filter Hate show¬ 
ing ceaEte feed a and outlet hale 
on left. 



Feg. 46.-A is double Filter Cloth, u is same rolled up for 
Insertion. C shows side view of recessed Alter plate, show¬ 
ing mode of insertion of the doth and outlet hole at side. 



FiCm 47^—Bayonet Cli|js for Filter Cloths, centre feed. 



Flc. 48,—Screw Clips for Filter ClothSt centre feed. 



FiO. 49,—Plate and Frame Type of Filter Press. 
(Flaolovv, AlLicnt^arNoltlnthAa.) 
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chiniwls for fc «3 inlet* ttBih-water, ajid air outlets at the top, and the filtrate oatlet at the bottom 
comer opposite the w^^water inlet. 

The material to be filtered enters the ehambers by means of a port in each ^me from the feed 
inlets 7 he wuh>water inlets and outlets, also the ojt notletn, are arranged so that the port to the 
chamber is made only irr alternate plates. 

The water enters Vwhind the clolh^on one yde of each cake, ejtpcb any contained air, panes 
evenly through the cakes, and awa^ by the special outlet channel on the njiposite side of the cake 
to wmch It enters. A siphon pipe is oficn placed on the wash-water outlet at the top of the press 
to assist drawing the wash-water thiougb the cake- 

Plate and frame piresaes are used when the material tn be filtered will form a solid cake. 
The whole cake collects in the frames, and can he taken right out in the frames, removed, and 
stored without tireaking up. Mate and frame preiacs are also used if the cakes are to be thoroughly 
washed, or if cakes nf a thickness over ]| in. arc required- Instead o. wa^iing, the material can be 
steamed, or dried in filter pessies by bot ain Occaiionally, filter presses arc fitted with plates 
heated by steam passages, that the substances can be filtered hut. 

Filter presses range in sijie from six to fifty ehambers, with plates from 12 in, 
square to 40 in. square. I'be luickness of the cakes vary from i to 2 in. The output 
varies very much with the nature of the oil to be filtered. 



A 



p/afe, Piyrne^ 


C A O 



2£13 

P/aft, 


I'jc. 50.—rnrls of riatL and hiame Hltei Press. 

A, 1 ecd inleL 1>, Wai^h-water outlet. 

B, Wash-water outlet. hi, Outlet for filtrate, 

C, Air untlet. 


Thus, a. twenly-four thamlxT press with jilales 25 in, square [total filtering area 208 sq, ft*) 
will fiUff in tweiity-fiair hours alxnit 16 cwi. ctf castor oil, 70 cwi, crude ra]>c or stale olive oil, 
TOO cwi. of cruflc cotton oil, .md 140 cwi. of roco-tiul, fresh iilive oil. or linseed oil. 

With linseed oil a pres^ will run a week without being op.ncd for cleaning. With castor nil 
a much shorter Lime of running is neccssaiy. OiJs are filtered not more rapidly than cold. 


Potter’s Oil Filtration Plant 

A very simple and efficient device for filtering oil is often used and illustrated 
in Fig, 51, 

The oil is fed into a crude oil receiving lank fitted with a 2411, ^mmetal cock 
at the bottom. From here it runs down into a tinned iron tank which is provided 
with no;^ks to which are fastened filter bags, shaped like tubes, as illustrated. The 
oil flows through the filter bags and drains away into a tinned iron oil catcher, and 
thence into ajiltered oil lank. 

This plant works rapidly and is inexpensive. It is stated that it will filter in a day of twelve 
hours 

I^lm oi], 4 tons; nut oil, 6 tons; soya oil, 8 tons; Liiaieed oil, 12^ tons; cod-Llver oil, 4 tons. 

The apinratu? is placed on the market by James Potter, Scukoates Sheet MevaL Works, Hull, 
England. ^ 

Turbine Centrifugal Oil Filter,.— This form of filtration has been coming 
into vogue of late years. Fig, 52 shows an oil filter placed on the market by the 
Industrial Waste Eliminators, Etd., of Tendon. 
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It conaUts of a rapidly rotating centrifogal basket* covered with a hltei ctoth, The bosket 
revolves about 3 ,^ revs, per minute. The ml to be filtered is run m a continuous stream from a 
storage tank or pipe line through the funnel A fiaed to cover B of casing c into the hollow spindle 
0, carrying the metal cone E with wire basket r and filtering medium r>, which are being revolved 
at hi^ speed by means of turbine u actuated by steam through noszle A. ' 

By the centrifugal action the liquid is forced through ^holeis passing through the filtering 
medium, which retains all solid and «uspcnde<l matter, and the oil and water travelling up the 
cone is thrown through pcrfomliotis ^ on to the steam jacket [* previously raised to the desired 
temperature. The water, either free on in emuyon, is vaporised, the vapemrs passing through 
holes & in the cover, the pure oil nirining down the jacket and through ihe filtered oil outlet 
J, either into a storage tank or conveyed thjough a pipe line to any desired place. 




Kig. 51.—Potter r Oil Filter, 


Such a filter will producti from 10-50 gallons of filtered oil per hour, the exact 
quantity depending upon the nature iind quality of the oil. To obtain a greater 
output a number of units must be connected up in multiples. 

Treatment with Caustic Soda. —T'hc oil is washed in special tanls with a 
solution of caustic soda or sulphuric acid. Thus cotton-sHd cil is jumped into a 
large tank (shown in Fig. 53, p, 86), then heated by steam to 30" C., and the 
proper amount (which depends upon the quality of the oil) of caustic soda solution 
(74° Be.) run in and mixed thoroughly either by mechanical agitators, or by a 
current of aif blown through the liquids for fifteen minutes. On standing, a 
sediment of coagulated albuminous and mucilaginrus matter from the oil settles at 
the bottom of the tank, together with the excess of caustic soda solution. The oil is 
cool^ and siphoned off from the sediment to a finishing kettle, where it is washed 
free from caustic soda by a stream of water. wash'water is withdrawn from the 

bottom of the kettle until comes; than freshwater is added,^nd the process 
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repeated until the oil is free from alkali. During this operation a blast of air is 
blown through th^ liquids, or mechanical agitators are use^ in order to thoroughly 
mix the oil and water. 

Pinilly, moisturq is expelled by heating the oil gently by -team pipes to a 
temperature not higher than 50' C., while a current of air is blown through. The 
last traces of moisture are soriTetimes removed by adding plaster of Paris and 
filtering. Filtration through a layer of common salt also removes all moisture. 



Edible oib and oils for lubricating purjioses are nearly always purified with 
caustic soda, which removes ilTo iiauseous-tasiing free fatty acids. A trace of 
mineral acid spoils the oil for luhricaLin^ pur ,«es. 

DcodoirUatioa of Edible Fats.— Certain high ^^rade edible and oils are somedmeR 
detracted with aloohoL They are Mated to U? rendered perfectly odourless an& tasteless by this 
pmcMS, and so can be employed in ihr maDulacttire of high-class margarine and similar oomesUbJe 
fatty products, • 

Two methods ire well known for the (IcodorUalion of coco-nut oil;—(i) Washing oat the 
odorifenma bodica with alcohol. This removes the fatly acids, and also such substances as 
phytosterol. Cha^r€ul and SMufk employ a joint paroecss of washing with alcohol followed fy 
ireatmetil: with chafcoal. For a recent patent sec Urhain and^riegf (French I’klent, J 6 l, 966 r 
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(^) VotatiliSAtioa b|y ftteamitvc* Jcai;rich and Mcincri {1S82) passed 
Rt 0*8 atmoaphcjca into tlic fluid oil for two to three hours ; the non-rnlatile fatty aciils left were 
then removed by adding 0.25 per cent, of calcinecl magnesia, and llit magtiesjiim soap formed k Ihrn 
ikimmed oJT the surfacL'^ Kilmont (l^nghsh I'^ienl* 3, [64, 1902) neutrallies the oil with alkali 
before treating with steam- Sec aho p* 129^ under Cacao l^utte^, 

Reiining Deodorising Plant for Edible Oil—Fi^^ 54 ^hows a 
compkte oil rtifining plant erected by Messrs Mantove^ Alliotl, Lid., of Notlinghatn, 
England. It has a capacity of from 3-4 tons per charge, and is the usual 
size adopted by present-day iitanufacturers as a unit, atiy increasing output 
necessitaiing the use of additional units. The niotle of working is as follows:— 



The oil is pumped from the crude oil store into the supply tank u. This is 
fitted with a healing coil, so that time is saved by preheating the oil before |)assing 
it on for the next operation. From u the oil gravitates into the neutralising or 
refining tank o, where it is heated to a suitable temperature. A sample of oil 
is withdrawn at this stage, and the fatly acids in it are estimated, 'rhen the 
calculated amount of caustic soda solution is run in from a caustici^oda tank c, 
the oil being the while agitated while the caustic soda is being added. 

In mqdeni practice two caustic snJa unka are employL-d. In the anc a fresh solulion of caustic 
Bodfl is being prepared for use wiih a ffci»h baieh of oil which is [uchcaiing in B* while ihe caustic 
soda in the secoticl tank is being used for ncuirilising die oil in j>, so that the process of 
neutralising proceeds pracUcally continuously, and nu time ^ lost in making up the solutiors and 
in heating the oil, ^ 

Insie^ of caustic soda sodium carbonate is also used. . 

- The treated oil is next separated from the soapy solution, and the oil run into 
fe and ffashed with water untij free from soap and alkali. 
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The aqueous liquors are run off below. 

The «upy washings thus drawn off are nsuiUy cnncentnitedf and the soap contained thercm 
Kcoveted, For this purpose fresli alkali is uiuallj added to convert the emnUified oil conUined in 
the washings into s(*p. Soidctinics the mass is aeidified^ and the resulting mixture of ail and fatty 
acids is separated and diAilled and used os a white candle material. 

A lot>g time is usually fc^uired fci( the oil and soap lo separate out in the settling tank* as 
difficulliw due to emulsification of the oil ensue. In somt^firms brine is used to break down the 
emulsiheation- In other firms a rapid centrifugal motion is said to be used to effect separation. 

Some firms iilter press to separate solid soap from the oil. 

The oil is then warmed in Jthc chised vessels k under a vacuum, and so 
thoroughly dried, llien a charge of fuller’s earth, floridene, or similar bleaching 
material is added, the oil agitated, and then filtered through the filter presses shown. 

With some oils it is possihle to takothe oil from the filter press direct from the neutralising lank o 
without the use of the preliminary stills tf, but this is hardly to be recommended If high-class edible 
oils are desired* 

The oil is now run Into the preheating still j. The oil is here heated under a 
vacuum, and the last traces of water removed. 

The vapours from the still used in the nciti opemiiun, namely, the deodorising nr finishing still, 
pass through the heating pipes in the preheating still j, and thus economibc time and fuel in the 
process of raising the gil in j to tbe right temperature rr>r the succeeding prucess. 

Wh^n the right temperature is attained, the oil is run from j into the deodorising 
or finishing still K, and it is there treated with superheated steam under a vacuum 
so as to remove the last trace of fatty acids, and leaves tlic oil perfectly free from 
any taste or smell. 

Treatment with Sulphuric Acid, —Many industrial oils are purified in the 
same way as described above (caustic soda), but with a solution of sulphuric acid, 
About 2 per cent* of sulphuric acid of fib"" lie,, mixed with an equal volume of 
water, is run into the oil contained in a lead-lined tank, which is preferably of 
a conical shape at the bottom to facilitate the separation of the acid sediment 

foots”). The tank is provided with a dosed” steam coil, and also an *'open 
air Will for agitating with conijiressed air. 

The is agitated by an air blast, warmed for about one hour, settled, and 
the acid run off at the bottom, and the oil washed with water and caustic soda until 
free from acid; finally tile clear supernatant oil is decanted and filtered* 

* Different kinrb tif oil idc^uire diHercnt aiutioiniE ami different conceni rations of salphuric odd ; 
tn mo!,t cases Ihc necessary i|ua[ititiM can only lx: oicerlaitictl dctimJ trials. One to three per 
ccnl, nf acid are the usual quantities. If lIjc odd uicd is ton concentrated, the oil is badly 
discoloured. If Loo dilute, acid eiDnUions ihccur, and theic is great difficulty of separation. 

Thus a crude whale oil containing a large amnuni of entangled water and albuminous matter 
may lie Ivst purified by using the stjrt^ngcsL commercial sulphuric acid (C*0. V^), because the water 
in the oil dilutes this. The same treaiment applied to another oil containing less water and leu 
albuminous matter would discolour it, and the acid would have to lic diluted vnth say an equal bulk 
of water Ijcfonc adding to the ml, in order tq obtain the best results. The lemptraiurf to which the 
oi] irmsl be raised befoTe adding the acid also difiers fm the different oils. If the temptcrature is 
fx the oil itself is attacked, and diM^loratiun cnsuciL If the temperature is loo low the 
albuminous matters are not effectively charnel. The tcmperniuTe of the oil is always IkIdw ioo‘ C. 
Hence the procedure adopted in practice is to heat the oil in the lank to the profiei temperature by 
hieons of the closed coil. iTie acid is diluted in a separate tank to the suitable concentration for the 
oil treated, and is then run into the oil in a ihin stream while the latter is agitated Ijy the air blast. 

This operation takes from thirty to Mxty minutes* As a rule two acid tanka are provided for 
each oil vat; so that the add can Ik- preparing for use in the fiirst tank, while the secund odd tank 
is bdi^ used ftff running the measured amouitt of add into the oil* 

The acid Layer at the bottom of the oil (*' ffK>tc”] is run off after twelve to twenty-four hours^ 
stondiDg, anti the dear oil washed with water c" boik J up in another ves^sel with steam and allowed 
to settle, and the acid aqueous layer again run off liclcw. 

This is repeated until the oil is free enough fiom sulphuric acid, 

Thg sulphuric acid treatmant is not suitable for oils which are to be used for 
edible purposes, because this process increases the funount of free fatt^ acid 
contained in the oil, and gives Wm a rancid flavour. For the same reason it is 
utifiutUble for lubricating oils, as frQe fatty or tntneral acids will corrode the bearings 
of machinery, ahd getting into the boiler, would dainjge it* 



OILS, FATS, AND WAXES 


88 


It is, however, widely applied to oils where Ihc acid content does not matter. 
For example, where the oils have to undergo the “Twitch(^H” deglycerination 
process. 

Bleaching with ChemicaJs-^Actuai blcachirf^ with rhemicals is only 
resorted to in the case of inferior or very dark oils and fais. teaching by means 
of oxygen in a nascent state is usually effected Ijy adding manganese dioxide or 
sodium bichromate and sulphuric acid :— 

MnO. f tfjSOi = MnSfJj 1 11^0 f 0 
I 4lI-,SO, ^ + 411^0 i 3O 

Sometimes bleaching powder or sodium bichromate, logether with hydro- 
^chloric add, is used, when chlorine is evolved, thus:— 

rntno)., ■( 4iii:i rut'L h 2HP -i 4 ^'] 

Na(>A I' I ^NaH f i 6tX 

ITie chlorine then liberates nascent oxygen, llius:— 

('T. + Tr-;0 =--ijn I o 

No general rule can be given as to the best process to employ in a given jase, 
thus ta//i^ is visually bleached with manganese dioxide and sulphuric acid, and 
/>a/m ml with bichromate and hydroi'hloric acid. 'J’Jie quantity of chemicals 
employed must be as small as iiossiblc, tbe time of interaction as short as possible, 
and the tem|>orAtuiX' as low as is conipatiblc with efficiency, "I'he glycerides may 
be seriously damaged if such conditions arc not rigorously observed. 

It will be sufticicnl if we describe the IJydrocbloric Acid bichromate Oxidation 
Process. The melted oil or fat at a tern])eratore of about 38“ C. to 55* C. is 
pum[>ed into a Icad^litied rbemical treatment tank, < ompre^sed air is blown through 
It in'order to thorovighly mix the contents, wliilelhc requisite amount of bichromate 
solution (i bichromate : q water by weight) is run in. Hydjx>chloric acid is now 
added. "I'he mixing is continued for s^mic time while the contents of the tank 
are simultaneously warmed by a steam cnil. Finally the liquid is allowed to 
settle, the acid run off at the buttum, anil the oil washed with w'uter to remove acid. 

The weight of bichromate used is t]-]! per cent, of the oil. • 

The amount of hydrachloiic acid used is 2^-2^ per cent, of the oil. 

When bleaching powder is used it must be fresh and dry, otherwise it is 
largely ineffective. ♦ i 

Tlie reLjuUile iiuamjiy uf Mfncbing jiowtJer {mj' 0.00,2 cif i]h' weight tif ihi; oil) is disbolvefi 
in Ai liltlc water as jmsJtiljte ami the cimrentralcd .siiluliim tliorunghly miM-d willi the oil, which 
haii p^<^viclln,ly been healed to 50*“ tu 75" t\ 

'Whik the a^ilaliEin i*. pioeeediii^ tlie neLT''Wuy axnonnt of hydn>ehlork’ and fo. 3-0.6 per cent, 
on the weight of the uiJ) b mti m and the agitation rontiniieil kr fifteLii minutes. The charge 
is then allowed tn tetllc, and ihc acid liquor run off lidovi. 

Within recent years a new class of bleaching agents has fjeen introduced 
into technical practice. 'E'hese are the persalts and peroxides. 

The persalts are obtained by electrolysing the corrcsjxmding normal 
hydrogen salts, thus:— 

2KHSO, I [} - n,0 ^ aKSO, 

fota^xiunn ]iu1rof:«ii ^ PnTtasMutii 

iiiilpJiaic. ^'Krsulpli.ileH 

The nascent oxygen liberated at the anode causes the oxidising aetjoD. 

The chief technical perhalt^ arc amiQOiniiim and potassium pcrsolphates, the perborates 
and percarbonatea. Tlic render will dm} a full acci>vint ctf Ihc manuraclute and properties of 
ihesie bodies in Martins “Industrial Cheniislry i Inorganic,’' Vol. II. 

All the per:A!t£,li}K;ralje nascent oxygen wlieti honied, thus 

2KSO, +. ll^jO = + O 

J^)1a!fi'.]um Fota«Eilihi 

pei^iulphaie. )tydroccri 

RuV]>bat4. 

CopBequently they form powerful bleaching agents for nilsi and sonps (in which they are solublef. 
UnfoTtuv^ely they arc tJiiiensLvc in use (see Ciermon llotcntb, 2<x>,6t$4 and 205,067)- 
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'I'be pNti'Oxidcs are also poirerful bleaching agents. The most widely em¬ 
ployed is hydrc^en peroxide, Sodium peroxide, Na^Oa, however, is 

also widely usedj and reacts with water, thus:— 

■ ' Nii^O, ILO = aNaOlI - 1 - 0 

SwlitHU F^natum 

peroxide. ^ hydroude. 

Unfortunately it is c]all^Tt■^ollJs lo u.se with some kimh of orjllinic matter, a-s it can set lliem on fire 
and ciusc explosions. 

nSodium peroxide is u.-sed technicjilly for Meachlng fools and [pther liadly eciluured oils. A 
solution in cold water is made and tijc oil a{;3lated wiili it. Much fuamintj nccuih but the truatmeul 
is efFectivc. 



Various organic peroxides, Mich as benzoyl peroxide ^nd acetone 
peroxidei havt; hcu» used as bluarhiug agents (stie Ciermau Talunt, 314,937). 
They hrfve the advantage that they are thcinsulves soluble in the oils, and so 
are sup^iar to inorganic water-soluble l>lcaclics, wjjose action depends upon the 
physical contact of two iiumiM.ible liquids 

Unfortnmtel^ snmc'of these oign^ic* ]>crixi4cb arc cx}ilobiv<i under certain conditions, and 
unless caution is oUcrvc^l ihclr use may l>c d:mgcrou‘i. 

Palm Oil is now bleached on quite a large scale by means of air, oxygen, 
and recently by ozone. An apparatus for bleaching palm oil J>y atmospheric 
pxygen is represented in Fig, 55. A closed vessel is hiCcd at a witli a steam jet 
exhauster and a copper beating coil k k. At the bottom of the vessel is an annular 
air-distributing pipe with a large number of small holes connected to an inlet- pipe 
carrying comprcsst;d air, oxygen, or pKonised oxygen. 

The palm oil, which has been pifeviously liquefied, and allowed tostand^so that 
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the water and dirt may settle to the bottom, is run into the iron vessel, heated by 
the steam coil to ioa“ C., and air is blown through. The oxygen removes most 
of the colouring: matter, and as in this process no strong chemicals are used, the 
natural properties of Ihe oil are not affected, l^hc process tOiay take two hours. 
Rank fish oils are deodorised and decolorised by this process* Sometimes, instead 
of air, steam at a temfjerature of |io* C, is driven through the oil, ten hours* steaming 
being sufficient lo deodorise 4 tons of oiL Another method of bleaching palm oil 
(and which yields good results with almost all other kinds of oils) is this Melt, 
say, roo jutrts of palm oil in a boiler, and when liquid add a solution of bleaching 
powder, made by dissolving 7 parts by weight of the jKJwdcr in water for every S4 
parts by weight of oil \ mix intimately, cool, and cut the hardened mass into small 
tneces, and leave exjiosed lo the air for a few weeks. Next place the fat in a boiler 
lined with lead, add a 5 per cent, solution of suljihuric acid, equivalent in total 
amount to the cldorideof lime, heat, sejiarate the oil from tlie acid, wash, and allow 
to solidify. 

Bone Fat is often bleached as follows: Place the fat (which must be free from 
gelatine and calcium phosphate) in an iron \Ta\\ add an ec]ual weight of brine of 
14^-15” Be,, boil for three hours, allow u> stand twelve hours, draw off the fat into a 
wooden vessel, and treat with a mixture of 2 fjarts jjotassium bichromate dissolved in 
boiling water, and 8 jiarts of hydrochloric acid (23’ lie,). This quantity is sufficient 
for 400 parts of fat. J^ave the mass standing, stirring at intervals, when decoloration 
proceeds gradually. When complete, wash the fat witli hot water. 

Linseed Oil may be refined by placing 236 gallons into a copper boiler, adding 
6 lbs. of oil of vitriol, and stirring together for three hours. Next add 6 lbs. of 
fuller's earth mixed with 14 lb«, of hot lime, stir three hours, run off the oil into a 
copper vessel containing an equal volume of water, Iniil three hours, draw the fire, 
and when the oil is cold, run off the water and let the mixture settle for some weeks. 
It is frequently decolorised by a 30 t>er cent, solution of FeSUj or with KOH, 
followed by K^CryO; and HCl. Other ways used are 

1, Suft Bkachin^, employed for liic most cx]iensivc varieties of artists^ oil The 
oil is exposed to sunlight in shallow trays under glass. 

2. By Hydrogen the oil in a glass bottle with a 5 per 

cent solution of hydrogen peroxide, and allow to stand fur some days, shaking 
occasionally. The oil clarifies and is jjoured off from the water at tlie bottom, • 

3^ By Polassittm Perman^anaU (suitable also for poppy oil).—Place 25,000 
parts of oil in a large glass halluon, add a solution of 50 parts of potassium perman¬ 
ganate in 1,250 of water, stir well, allow to stand twenty-four hours at a gentle 
warmth, then add 75 parts by weight of powdered sodium sulphite, agitate well, 
add 100 parts of hydrochloric acid, again agitate, and allow to stand until dc- 
colorisation takes place. Wash the oil with water rendered milky with chalk powder 
until free from acid, and finally separate the water, and filter off the oil through 
anhydrous sodium sulphate* 

Bleaching of linse^ oil with chloride of lime and hydrochloric acid, or calcium 
bichromate and sulphuric acid, is sometimes employed, but the operation requires 
great care and is sometimes dangerous- 

Decolorisation with Fuller’s Earth, Animal Charcoal, etc.— Animal 

charcoal is by far the best decolorising (and •deodorising) agent lyiown, yet on 
account of its cost it can only be employi^ for edible oils and fats. More usually 
fuller's earth or powdered kaolin is us^, being less expensive than charcoal* The 
oil is treated with the decolorising powder in a special mixer. The apparatus shown 
in Fig* 56, p. pj, is that manufactured by Rose, Downs, & Thompson at Hull. It 
consists of a steam-jacketed cylindrical steel mnk^with a contracted neck at the 
top, and provided with a powerful stirring apparatus for rapidly mixing the fuller** 
eartb'with the oil The tank is filled lo the underneath part of the neck with the 
ojj or fat to be treated (which has been previously heated to 4o"-6o'' C*), and 
3^5 cent* of fuller's earth (the exact quantity depending upon the amount 
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of colour to be removed) rapidly stirred in. The earth should be in the foriD of 
a perfectly dry powder It js a silicate of aluminium. 



Oils and lard, which are to ^e used as food, must not be left* in contact with 
the fuller's earth for more than fifteen minutes after mixing or they begin to acquire 
an earthy flavour. Consequently the materials must be separated as rapidly 
possible after they have been stined*round for the right time. - * 
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I'he oil or krd is rapidly pumped away through the filter pres^ which retail^ 
the fuller^s earth, the oil passing on through the filter cloths: Finally, steam is 
blown through the press so as to free the cakes from oil- When the press is opened 
the earth falls out as a powder upon the floor, little oil hoj^g left in it* When 
dealing with fats or waxes which are solid at ordinary temperatures (^^., tallow, 
Jardj paraffin wax) the filters afC steam-jackefed* so tliat their contents can be 
maintained at any ten^perature necessary to prevent tlie solidification of the fat in 
the presses. 

In works where fnlsarc decoloriseil by fulkr^s eartli^ in lime greal mounds of thk waste earth 
collccb and ii Imcoines an industrial prohlcin of some inteiest Id tilracl tiic fat contained therein in 
(in connoniiopl manner. A considerable amount of research work to this end has been carried out 
in the author’s labtiralory. It was found that fuller’s earth freshly sepamled from lard refineries 
contained about 12 per cent, of a t^d ext racial tie fat. >'ullci\ eanh which has Isen used for 
decnbiisatiim, and has stiMKl exposed t<T the air for years, contains cunsidcralily less than this, Thna> 
samples 17 years i)[cl were found to contain only 3.J5 per cent, ol fat; ^mples lo years old 
conlalned 5.4 (>er cent.; samples 6 yean> old contained 8.2 per cenU; while samples r year or 
under contained 12 per ceni, fat. ^ 

iiesSTs Scritl Sun, nf l.ondon, supply plant for recovering this fat by citracltng with vulatik 
siitventft. in the antlmiN opiiiioit it i^ donbtrid whether it is profitable to work with less than a 10 
per cent, fai conlent of MleA earth. The [tiller's earth is left in a moist, clay-like condition. It 
ha!i lieen su(;t'^'atfil lhat ibis waste residue mii;hl Ijc jirofilably employe<l for tlie mamifaclure of 
ilisinfectin^; powtlcrs, buler composition with a sniiablc fibre content, cement making, etc. It 
seldiJin seems to pay fiir iisini; Bi;aiii for decolorisalion of fat (on accounl of ihe chi;apnc:,s of the 
malerial), bid no dirtibt thi^ i^ an indastrial possibility. 

The precise manner in winch fuller^ t^rlh or chareisd acis is not yet undcrslofjd. 

Action of Cold on Oils, Demargination of Oils —Albuminous substances 
are loss soluble In cold than in hot oils, and so a iKirtial jnirificaLion of oils may be 
efferltid by cooling. See Knglisli Paiunt, 10,326, 1905 (Buchanan), and German 
Patent, 163,056 (Megcmami). 



57.—Uil Ctx>ling and Filtering Plant, for the sejiajation of stearin and olein, 
(Rase, Dpvna, Hi Tbompsini, of Hull, England.) 
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Manf of the vc^table oils (such as cottonseeds arachiSs fish, and some sorts of 
olive oil) defjosit a crystalline mass of “stearin” on standing. It is ?ery important 
that ediple oils should not solidify at temperatures near the freezing point. Also 
lubricating oils must nfccessarily remain liquid at low temperatures, an oil still fluid 
at ™ is" C. being demanded for railways in the United States. Such oils are 
known as ** Winter Oils." i 

Hence many natural oils must be “dcmarginated " before they con be placed 
on the market. Originally the process consisted in simply storing the oil in large 
vessels through the winter, when the stearin " separated out as a white solid mass 
at the bottom. The supernatant oil, when drawn off, formed the “winter oil" 
This process is still used for arachis oil, but in other cases the cooling is artificially 
carried out, and the stearin removed by forcing the oil through a filter press. 

Fig. 57 shows an oil-cooling and filtering plant designed by Rose, Downs, & 
Thompson, of Hull The oil is placed in the tank c, which is pro'^ided with agitators 
and a cooling coil Tlie cooling effect Is produced by allowing anhydrous ammonia, 
condensed to a liquid hy the pump R, to expand through the cooling coil in the 
tank c. Here the liquid suddenly expands into a gas, producing Intense cold in 
so doing, "I'hc oil, under the influence of this cold, and aided by a vigorous 
mechanical stirring, deposits its stearin in the solid form at the bottom of the lank. 
The ammonia now issuing as a gas from the cooling coil is recondensed to a liquid 
hy the pomp u, the compression l>cing carried out in the tank c, fill I with cold 
water, which effectively carries away the heat generated in the operation, 'fhe 
process is continued until the oil is reduced to the temperature at which it is desired 
to remove the stearin. When this point is reached the oil is drawn off and pumped 
through the filter press T>, which removes any sus|jendcd stearin crystals. 

Oil which has been treated in this way will always remain <’lear and bright at any 
temperature above that at which the stearin has been removed. 

Tlie se^yarated stearin is a valuable product, being largely used for making 
margarine, margarine chet se, lard substitute, etc., etc. 
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Oleic acid is iin unsaturated acid only differinf; from ^stearic acid liy tiie absence 
of two hydrogen atoms. Several processes Jiave fieen yiroptised for making 
Oleic Acid take up these two hydrogen atoms and become stearic acid, according 
to the equation:— 

C^.H^COOH + n, - C,^H,,COOH 

oleic acid. HjxlTOfien Meunc jcld, 

Kii'.. 

Thus fuming bydritidic acifl rctlucKi oleic aciii to stearic acid 1 hO doc.s heating wiih iodiac j 
other attempls to reduce olcie acid tu stearic aciti Iwvt alio liecn suctes^iful. For details of 
lhcs« aijS other procLSies the reader isr eferred to the Journal of Chemiial Ittdusfty, 190S, 
™L 27. p* 489. 

Recently Tt has been shown tiiat when OleiC Acid is treated with nickel powder 
in the presence of hydrogen, it takes uo hyc' '>;;en and gives an almost theoretical 
yield of hard stearic acid. 

Moreover, this latter action is of general impoThince. Not only does oleic acid 
but also liquid unsaturaied fats take up hydrogen under these conditions and 
become converted into hard substances. Thus the liquid glyceride, triolein, is 
converted into solid tristearin 

C*H,(OOC\Ci,H^)3,+ 3H3 - C3H,<00CC„H^),. 
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Sabatier and Maihle {Ann. Chitn. Phys,, 19091 [8], 16, 73) showed that oleic 
and elaidic acids, when treated with hydrogen tn the presence of reduced nictel at 
2So’‘3oo“ C., yielded stearic acid. The nickel, technically prepared by reducing 
nickel carbonate in siiu, is thrown into the heated fat and H gas is passed through, 

* 

The first paienis referred to the psjiige of hydrogen gas through tki wd/pjirr ^fatty BUbstancM. 
Such pRiccsscs were of little uAt in tht^ case of glycerides, v \ they are dec^rniposm when vaponsed. 

The fundamental patent was taken cjL hy Nonnan {Knghsli I'atent, ^hichdesenbed 

the hyiliogeniilion of oU$ in a liquid condition, liy merely psissing a cuneiU of hydrogen into the 
oil, heated to a suitable temjieraiiirc, and containing a finely ditidc<l metal as catalyst- 

This patent is fundamental in character since it prccludnl all n[hqt manufacturers from hydro* 
genating oik in the li<|iiid condition. In 19J3, however, it was dcchircd to be invalid owing to the 
meagre informalioD given lU the patent- 

Recent work has been principally directed towards the preimration of the 
catalytic nickel in a suitable stale, the best prt>i>ortion of catalyst to use, the best 
temperature of hydrogenation, the proper refining of the fatly body, the application 
of continuous mechanical agiliition, the purification of the hydrogen* 

F Fur details of these the reader consult the patent literature alcove referred to. Published 
details arc meagre* Crossky ( 4 ^. di.) (j^ves detaik for rape nil, wtialc oil, etc., which were 
published in the lawsuit of Joseph Crostield & Sons, Ltd., v. Technico-Chemical Laboratories, Ltd. 

The method was invented Ijy SahuiicT and Sendcren. The reader will find a resume of their 
lesearches in the de CMtitie et de Physique, 1905, [SJ, 4, 319 i 1909, [8J, 16, 70. Hee aUi» 

Sabatier, Ber., 1911, 44, 1984; SaLaiiur, “I*itCat;ilysc." 

An escellent aecnujit is al.so given by CrojKdey, The Pharmauntiial Journal ctnd Pkamusdst^ 
1914, 92, pp. 604, 637, 676. Sec alboC Ellk, J.SX.T, 1912, 31, 1155 ; also his book, "Hydro- 
genabon of Oils," 1914; T* Shaw, 7 "^*t''/'i 33 * 771 - 


Theoretical* —At constant temperature and pressure the velocity of hydro¬ 
genation of an oil is given by the c^fuation 

V - K*C^(:,. 

Where V is the velocity of the rcactioii, K the constant of reactiem^ Cj is the active 
mass of tlie oil, and tL the active mass of the hydrogen. 

Consequently, in designing a plant for the hydrogenation of oil it is essential 
tbat the product C|Chj should be as large as possiljlu* In other words, the product 
of the number of pounds weight of hydrogen per minute driven against the oil into 
number of pounds of oil it meets per minute must be as large as possible. 

Henct the hydrogen should be highly compre.-ised, jis in this wo.)' a larger weight is concentrated 
In a given volume. Al^o the speetl with which ihe oil and bydrrigen circulate in the system in a 
countCT'CUTrent direction hhould he great posbihle. Hence the puTn]is should be powerful, and 
it IB thcurellcally a mistake to depend upon gravitation and ordinary presaures for the flow of gas and 
oil. The great practical advantage of the latter arrangement is ease of working and simp]icily of 
plant* 

It is also well known that an increase <if pressure favtturis llie forinatjon of products possessing a 
smaller volume than the original components. Since the hydrogenated oils occupy less volume than 
the original hydrogen and oil mixture, on this ground also (see lielow) it is advisable to use high 
pressures and powerful pumps. 

Tho reactioi^is imno-mokcuhir, Fokin (y* Russ. Phys. Chem. Soc., 1908, 40, 
376) has shown that the saturation with hydrogen of a double bond at constant 
temperature and pressure follows the ordinary mono-molecular formula;— 


^ K 


)lo& 


a 

-X 


Where a represents the total volume of hydrogen absorhalfie by the unsaiurated 
oil, and X the volume of hydrogen actually absorbed after the time t 


The reaction starts rapldl)', but slows down hb saturation attained, following in this the 
ordinary mono-molecular formula 

, dx 


K{fl - or). 
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The saturation of an oil with hydrogen is tx^ihcrmc^ attended with the 
evolution of heat. Maxted Catalytic Hydrogenation and Reduction,” pp. 95 and 
97) states that, in the course of a two hours' run, a charge of oil will have 
spontaneously increaiprti ns temperature from 140* to 185" C. 

If Q be the hcnL of re;iction apd K the equilibrium consluit, K h dcpcP<tcnt upon the t^ippera- 
luTc BCconUng to van't Hoffs oqualion* 

rflogK ^ Q 
dT 

Cmisequently K lends to dimiiiijih with riso of temperature, ami for this reason it advisable lo 
carry out the hydfngetiition at as low as povsiblc a teniperaEmre r^'nipalEblc wilh a sufficient 
praclical velocity of reaction. The formation of whose production h attended wilh the 

evoLution of heat (j.e., exothermic bodies) is checked l>y rise uf tcnbperUur''. 


Practical Conditions of Success 

It has been found that the main conditions for success in the hydrogenation of 
oils in the liquid condition are : — 

1. Exact Control of the Temperature, the reduction of the oil with 
nickel must take place at as low a temperature as possible—say i4o‘-t8o’ C— 
in order to avoid decomposing the oil and giving it a had taste and co: >ur. Again 
the nickel must be reduced at a low temperature (see below). 

2. The Purity of the Reacting Bodies, the /d/s should bo purified 
by removing free fatly acids (not mure than i per rent, free fatty acid should be 
present) and moisture, sulphur compounds, etc. 

The must he pure (see below). Themust Ik; extremely pure 

if good results are to be attained. The purer the hydn>gen the more rapid the 
reduction. Sulphur compounds, arsenic, water, carbon monoxide !n the hydrogen 
all diminish its activity in the presence of nickel 

3. The Exclusion of "'Catalytic Poisons,” />., substances wliich destroy 
the hydrogenating action of the nickel catalyst. 

Chkifinc, j^ulphur (a$ sulphicle), phux|?hi>riis, :ind Hrscnic arc ihc wojr>,t nf theijt cnisilytic 
pabrons. *ud wbLcj ai^d cirbotj nioiioxide :ds£) aWbet injariojsly ihc activity of the nickel. 

*4. The Fine State of Division of the Catalyst.— The more finely divided 
the catalyst the more ra[jid the action. 

5, The Pressure of the Hydrogfen Gas —Several processes exist in which 

the hydrogenation takes pliicc under ordinary atmospheric pressure, and it is true 
that if the catalyst is sufficiently active an almost instantaneous version of the 
oil is possible. Nevertheless, in general the higher the pressure cm[jloyed tlie more 
rapid and effective the hydrogenation ; four atmospfieres is a good working pressure. 
Bergius {ZetL Chem.^ 1914, 27j 522) actually showed that the hydrogenation 

of oil can be effected without catalytic aid by the use of high tenqieraturos and very 
high pressures. 

fn general a catalyst only acts in occeleriiting n chemical actiifn which takes place of itself at a 
sufficiently ^igb teinpcraUirc and ptasurc. 

It is a wcU'known law of physical chemislfy th<a an increnae pf pressure favuinrs the prodiiciiun 
of reaction having a suiirtllcr voluihc than ihc prixlucts wc slait with. As the hydrogena¬ 

tion of fits is attended with the absorption of hj-^irogen st> that the resuhit^j hyrlTopenaied nil 
occupies a smaller roliLtue than the hydrogen and oil w .I'lrt with, this result of Bergjus is to be 
expected on theoretical grounds. • 

6. An Adequate Intertninglit^ and Mixing of the Hjrdrogen and the 

OU. —It is obviously essential to^ix the hydrogen and oil effectively by means of 

stirring gear or other devices. * 

• • 

Tbianced of his prabably been exa^erated in the patent literature. Thebydrogefi can 

only act by solution m the oil, and the nickeTTonce wetted by the oil, cannot come into coDtad* 
with the £as except by solution; so that all that is needed U a gentle mixing of the contents.^ Very 
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mpfid diffusion also nids the action. Hence tlie lai^e namber of patenti which describe coinpii^ted 
dericu for bringing hydrogen emd oil into intimaie contact liy violent agitation^ or atomisationi" 
ure probably ititroducing nccdlctb eUboration into the plant necesury for succcsHhiL trcatmeiU of oil 
with hydrogen. ^ 

It has been shown that the activity of the nickel catalyst depends upon: — 

1. The Puritjrof tha Nickd.—^or example, in piepaTing the nickel ftom nickel sulphate by 
pteripltating ts nickel caibonate by means of sodium cwhonale, and then reducing the latter in 
nydrogent it is absolutely essential to wash the nickel carbonate after precipitation until it is quite 
free from all traces of sulphate. Sulphur compounds affect the activity of the catalyst very b^Ly, 
and consenuenlly some authorities prefer to work with nickel nitrate, precipitating it as nickel 
hydroxide by caustic soda, wooing, drying, and it'dudng. 

2. The Temperature of Reduction —It is neoesMiry for the nickel to be extremely finely 

divided so as to in a pyruphonc condition, r.f., the metal spontaneously infkmes no contact with 
alt or oxygen. This condition is only attained by carrying out the reduction with hydrogen at as 
low a temperature as iKJBHibIc. Thus nickel oxide l^ins to reduce at 200° C. Kednetion ti 
incomplete below 270* t!. The usual lemperulure employed U 300“'320^ C. Too high a tempera¬ 
ture of reduction (wy 400“ C.) converts the nickel into an almost inactive mndification. Nickel 
carbonate is said to be sufficiently reduced at (see V'uch’s patent, English Patent 11,542, 

1913b i.f,, a lower temperature than is necessary wiili the oiide. 

Organic salts of nickel on he reduced at still lower temperatures (sec Wimmer-Wiggins Patents; 
see English Patents, 25,326,1911 ; 4 * 144 . 

3. Ptdtectioa from Oscid&tioii.—The linely divided nickel after reduction must not be allowed 
to come into contact with air, otherwise it oxidises and hccoines inactive. It is therefore either 
kept in an aLmosphcrc of hydrogen until use, or else dropped into oil immediately after reduction, 
and kept in that way. In some procuss^ft the nickel carbonate h reduced in the oil itself, (Sec 
below, i 

4. Use of Nickd Caibooyl.—Shukoff (flcrman Patent, 24118^3. iSth January 1910) employs 
an entirely differem method of jweparing the nickel calaLy:^i, He passcf. rar&ofrjfl (olxained 
by actiim of carlion monoxide on reduced nickel at a low t(.'m|>erature) into oil healed to 200’C, 

The nickel cartwnyl ih dccompoM'd and metallic nickel k set free, Lessing’s pi^a^eid (see 
English I’alent, 18,998, of 191a) uses this fact for his process of hydrogenation. 

5. Um at CarriefS for Nickd.—In order to increase the catalytic effect of a given riuanlity of 
nickel a large number of iiaierits have been taken nut for the use of carriers. Thus, pumice, 
kieselguhr, asbestos, and oilier poruuh Imdicsare impregnated with nickel salt, and the whole reduced 
with hydrogen. 

Modern practice, however, has tended to diminish the use of these carriers. They aid filtering 
off the nickel. 

Many propf>5als havt been put forward for increasing tht; activity of the 
hydrogen used in reducing the fat, c 

Thus Fuch (English Patent, 11.543. ipU) suggests 

1. Heating the hydrogen to 200^250’ C.—a higher temperature than that of the fal to be 
reduced. 

2. Dissuciatiiig the hydrogen into atonls by treating it with chemically active rays, 

3. Passing the hratetl hydrogen over a catalyst liitch as spongy platinum or freshly jircpared 
nickel, which appears alsir to increase the chemical activity of the hydrxigcn. 

For use of electrical discharges, chemically active: rayh, etc., m increasing the activity of the 
reacting materials (see Utether, Hritisb Patent, 20,061, 1912), where the use of mercury vapour 
lamps IS suggebted. In ibih oonnccliim sec also Snfin Zt^.^ 191 j, p. 851 ; F, Cruncr, l^ rencb 
Patent, 453,664, 1913. In the latter patent oils ancf fats arc subjected to the action of on electric 
current of very high tension and frequency. 50,000 to 100,000 volts arc mentioned. Former and 
Parker \J^urn. Atner. CAtm. Sx. (]9I3}| p. 1524) describe experiments on the effect of ultraviolet 
light on colloidal platinum. 

Uae of other Metals than Nickel. —In addition to nickd and its compoundt,, colloidal 
platinum (Fokin, iffillsUticrh and palladium (Paqi), .copper aiul iron may be used. PalLidiuin 
hteheen used industrially in amounts as small as to nAirrr nf the umoiUit of hi (see l*aul 

and Skita, Geiman Patent, 230,724; yet. CAem. tVeriv (7., German Patent, 236,488, 1919; 
British Patent, 18,642, 1911 ; palladium chloride (with rubber or gelatine as jirntecting colloid) 
IS used. Reduction with platinum or palladium takes place at a lower temperature tmm when 
nickel is used. . 

Supply of Hydro^n for Hydrogenatii^g Fats,—One ton of oleic acid 
requires aboift 79,000 hires (2^800 cub. ft,) of hydrogen- One ton of Triolein 
the glycerine of oleic acid) requires^ lSt 9 ^^ (2,680 cub. ft.) of 

^hydrogen. 

The production of hydrogen for this purpose is fully described in Martini 
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Industrial Chemistry; Inorganic^” Vol to which the reader is referred for 
fuller details. 

It might be mentjrjued^^l^re that the hydrtigen is niainty prepared hy the following methods 

1. ElectrolytiCH—This method produces a very pure gas, but Ls Uto expensive to (»nipcte with 
the crtlicr processes except in ctrantrlev Hki! Norway, where water pi>wcr is cheap, And whete 
ibii process actually is the duminant method of ponslucing hjiJrogen. Caustic soda solution is the 
usual electrolyte. 

2. Iron Spongt StCAm Procett.—Oxide of iron Js ]rL>iluced by means water gas carefully 
purified from sidpliur compounds. Steam is then past^ed over the heated rdluced melal, yielding 
the oxide and hydrogen. TIk oxide is again reduced by water (See below.) 

Lnne^s Plfllit i'^ one of the Ltesi-ldxiwn an^t successful plants for working this process. 
Mainted (Gns Developments, Ltd,, WaUall, Birmingham) has modifiec] this proce<ts so as to 
produce a. gas as pure an elfcirolyiic hydrogen but at less cuf^t. (See liclow.) 

3. The HargerTerry Proceaa (ace Bjiiish l^atcni, 6,007, 19^71 cnT.^ists of impregnating 
impure hydriigfu with the pn>pcr amoLint of electrolytic hj’flrogcn and ox>gcn, and passing the 
resulting mixture over a suitable heated catalyst. The carbon monoxide, ‘;ut(^ur, and plios' 
phorous compounds are oxi<hsed, and alisarbed \yy lime or alkali. Tlie resulting hydrogen is 
excee^lingly pure. 

The Linde-Caro Proceu.^Watcr gas is liquefied and the hydingen separated from tlic CO 
by fiactioKial distillation. The gas used for hj'^irngenation consists cif S--95 97 per cent., CO~ 
2 per cent., reU -= N. The pumping Is done by a gas engine milising the separated CO a" fuel. 

The hydnigf'ii used must l>e lice fruni ]L»S, at per cent. Ijcing sufRcient t't destr ^ the catalytic 
activity u'r nickel. 

In 1913 the Linde Co.'s plants for pnducing H for the hardening of fats Anj^ne. 

Cfi^nf.j 1913, 36, 111 . ^14; see also Vol. II., "Industrial ilydmgen, ) yieldt^l enough tl to 
harden rOa,ucO tons nf fat. 

Industrial Processes for Hardening* Fat.^A very large number of 
processes have been described in the patent literature, bul very few have [>roved 
technical successes. 'I'he reason is that considerable technical difliculties occur, 
especially In working on the large scale, and many of the patents d'st ribe processes 
in which these diffictillles have proved insuperable. 

Description of Processes- —HydrtJgcnation jiroccssw involving the use of 
nickel may l>e divided into three classes >- 

(1) Dry processes, 

(2) Wet processes. 

* {3) Gaseous processes. 

(i) Dry processes. —In these the catalyst is produced by treating the oxide 
of nickel in a dry state with hydrogen gas at a temperature of about 300* C. 

T]]4j rLxlucdoii ^jf thf nickt'l is aucmkal with many dlUjculLics^ In ihr Ihsl plncr, in die furnace 
H sLimng apiximois is lequired in nnlcr Uy mix thv nieW ovije tfo^mughly with Jht? hydnigLm. 
Ilf-'nce Iho cinpkiymenl of notary ilruni^, slining nutEtclaves, olc., the hewing of which presents 
Scvoml ditilcullius. Ag:uii the scriMlivcntiVi rtf iiic catalyst de[X'nds very largely upon the 
temperature. 

If the temperature is ton high (400'' C,), the nickel will piss from the calalyticidly active hlnck 
form into Llie inaciive grey inociilicnLion, Tlie lower the temperature tif reduciii>n Ihc inore active 
tlic nickel. But if the temperature of ruiluction is tcn.t low {r.g.f Irclow 250** C.) the reduction of the 
nickel is impcrfec^t, 

Consetjuienlly the temperature of reduction has to Ik; very carefully regtilaksl, and this is a 
difficult matter ttj efR'ctivcly control. 

The rtfluced nickel, also, is very chemically active, and If imi protccteil from nxidotion, will lose 
its catalytic power. Also the o^xming of the reducing apparatus may Ik; dari§eiri>uii, as Iht teduceil 
nickel will take^re in air, and if hydrv^m 's presciu m xufCcient quantity this may cause an 
«xplo};i^jn_as hoii actually occurred in ^ctice. liencc heforc opening the apparatus the hydnjgcn 
most lie swept out Ijy an inert giLs like carlmn cllodde. 

The catalyst, when made, must also be employed under exactly defirted 
conditions. 

Some Wfirkets consider that nickel Aduced in the dry j^atc is trjo con^ct ir> }« used as such, 
and so they place it on special *' supports/* such as clay, asliexLos, etc* These ihaterials obviously 
arid to tlic difficulty rif reguneratitig the dickel, and it has been 'itaterl that they may give to tlie fat 
an earthy taste and bad colour, Mnieover, much fat i'j ahsorlKxl in llicir pires, the rL-c^weryof 
which is difticult. , • 

I S 

Finally, the catalyst is mixed with the m^ss of ofl to be hardened, and while 
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actively agitated hydrogen gas, under a pressure of 4-5 atmospheres, is heated 
to a suitable temperature, say 140^-250“ Ch 


The fcUlciwin^ witrkiv havt Kth staitd tti be UMng pn»cesM;ii of this — 


r NokMANN ' 


Wn.llU Stu K TbC FI 


CAKl.'fOV KlIJS 
K. Kaysrh - 


U orh. 

(kTEDiiniiiwerl^c, Eioinerich. 

Schichtwerke, Aussig. 

Jurjjctien OsCk 

l^ever Htoe;., l^^^t 

l^rcHien m gj Oel fii^l ^rik en. 

]>e Ni) FhI, Frededk^tncl. 

UhUed Snap Works, /wim^drecliL. 

“SaliJin,’* JMutfjrjul smd N'i'it'hni-Kovf^r^Kk 
n^ilnjgemtecl t>il Co., Nl'W York. 

Sokiilteni Cotton Oil iU\, New Jur^cy and OcoTgia. 
IVtcler fininhle Ok, CindnattiH 


Thu following details give a rough outline of the methods employed in this 
process. Plant and autoclaves are sold by Lane (Ashford, Middlesex, England), 
and also hy Maxted (Gas nevLlojimenls, Ltd,, Walsall, near llirniingham, England) 
for these processes, 

Nontiann Processes^—'J'he following is a brief account. 



IT 

The fat to be hardened must contain les^ than i per cent^ of free ajcids, otherwise nickel suaps 
will be formed, and nickel will ;Lppear in the relined fat. I fence, iieforc hardening, the fat iluiuld 
be jefinetl, usihU will jray in the eiui. The fat must he d^. For ild'i parjwisc it is run from a 
storage tank 1 into a vacuum heating jian 2, and is there heated untiL water is eUminaLed, It is 
then ran clown the 3 anci forced Ijy the pump 4 up the pipe 5 into a heated autoclave 6^ 
This autoclave steam-heated, and is kept at a temperature of^lmui 140'' The prestoire inside tJie 
autoclave ts alxiut 5 ur 6 atmospheres. The interior is usually fitted with hoMc plalea, and sumetimeii 
with stirring gear, so that the liquid in pouring down the intericir of the autoclaTe is very intimately 
mixed fvith au ascending stream of hydrogen The fat reaching the liottom of the appamtns in 
pamped hy 4 up the pipe 5, and in again at the top of the apparatus, oo that a continual cuculation 
if the fat is irruduced until the degree of hardening rcfiuired is attained. * 

The Hydrogen gas is drawn in^o the apparatus through the pipe 9, and by meins of the pump 
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10 IL is into the brrttotn <»f the apparatus, and pajsses up the autoclave against the descending 

stream of iiqnid fat, and ii intimately mixed with iL The unahsorbed hydrcg^ collects at the top 
of ilic apparatus and thenjjasses down the pipe ii, and rmce ugnin is injected into the apparatus by 
the pump la * 

As the hycln^n is absorbed fresh supplies are passed in ihrougTi the ttil« 9^ 

The catalyst is supplied ns folJoafSWickel carlionaic (nnwlc from nickel sulphate) is plneed in a 
furnace and calcinetL It is then ignitetl in a stream nf hyifnjgen gas, so that it is reduced to the 
state of a metal tn a firiely divided ronditiuii. WJiile still hot, ami in an atmosphere of hydrogeui 
the charge of nickel is quenched in oil contained in a receiver. The oil containing tliC proper 
charge of nickel i£» then pun^ped from the vciksel M into the autoclave 6 through the jmtnp 4 . It thus 
mixes with the charge oJ fat, and supplies the ei>rreet amounl of nickil fur the charge. 

The hydrogenation pnrceeds rapidly, and is carried on until the iodine value sinks to aUmt 6 a 
TL is important that the fat should not lie too liard for editilc purjHisev Tlie iiielting jHiint of ^uch 
fats shfiuld always lie lower than that [d the huiiia]i liodyn 

The nickel is usually recovere^l by running tlic fat out of the autoclave th^ongli partial coolers 12 , 
Bcias to reduce its temperature scunewhat (in Older lo avoid damaging the filler cloths), and it is then 
]>UDiped through a filler ]jrcss 13 , into the storage tank 14 , and the finely t\\\ Ided nickel is recovered 
and cither sold as such nickel manufacturers, ur else it cun lie workctl up again into ^nlplmte, 

Thehyilnigcnaliun iH^ins at about C, wilh pure bydrngca, aii<l the tcmpcratuie (hen rises 
somewhat (the action liemg exoihermic) up tu iSo" C. The lower [Jie tcm|>eLaTuieis kept the better 
the resulting fat for edible purptise^. 


Maxted’s Oil Hardening Installation 

TTie amiitgement of a Maxlod oil hardentinstallation, designed for the 
treatment of about joo tons of oil per week, is shown diagramniatically in Fig. 59, 

It may be divided broadly into two stctioiisS, one of whidi is devoted to the 
production of hydrogen, w'bile in the second ix)rtion, namely that shown on the 
right erf the diagram, the hardening operation itself, together with the manufacture of 
catalyst, is carried out* The raw material for the manufaciure of hydrogen is coke, 
which is gasified in generators rif the intermittent type shown as a and a'. 

The csNCiitbl part <if tlit* process cnupluyL'd fur the luanufacturc uf hy<Irugcn of the high degree 
of pairlly uecc^ary for Kiicd^ssful hydrugenuMon, ciiiisisLs in the subijtitutiiin uf A ipecial 1 educing 
gas in place uf the Mater gas usually employtLl for such puriuM.'h. 

Ordinary watci gas, by rcasuii of llu- iu-itablUty uf carbon inonoxidu, at elevated tomperaturc!;, 
espedally in tbe presc;nce of iron o^i<Ie, leadily dcpusiis carbon according to the equation 

2CO = COi + C, 

■ 

that if water gas of the usual coinpisitiun is ushI for Uic rcdueilon phase of the intennilLent 
jurocess of tiydrogeji piuductiun, in which iron oxiilc is aUcruflldy reduci-d and steamed in iwu 
seprale operalimis* (he depniil of carlxin thus pruduccil remains on the contact mass and persists 
into the steam phusc, where by Lb^^ interactiun of tJris carlwith steam accorriing to the urdinary 
water (pis reaction, carbon munoxidc is genuraled and contandnatts the hydrogen simultaneously 
pnxiuced by ihc action of isteam on the reduced iron, 

C + li^jO = CO + IL. 
jhe H" 4fIaO “ 4-1 la "b 

Tills imdesirnNe deposiliim of carljon during the rerlucticm pha'^e, which involves the sulisequent 
production of impure hydrogen, is avoided by taking advantage uf tlie reversibility of the defX)fiiUon 
reaction, aCO^^-.Clh + C, in that fur the reduction of Ihe contact mass a gas is employed, the 
carl™ dioxide content of which licars a ratio 10 the carbon monoxide piesent equal tooirdightlf 
in excess of the ei[uilibriuni carbon dioxide monoxide ratio for the LetnpfiraLure of reduction, a 
reducing §ah of tins camjK>sitlDn being priMluced from coke, and freed fi'om steam before being 
used for reduction. 

B aad aftj scrubbers, c and*ci troii oxide purifiers, aiid d a gasholder, all for 
reducing gas. 

The actual generation of hydrogen by the alternate reduction t>f iron oxide aJtd 
steaming of the iron thus produced is carried out in vertical cast-irpit retorts con¬ 
tained in the furnace shown at £, the hydrogen produced being freed from steam 

means of the surface conden^r and from the last traces of sulpjmr and carbon 
dioxide by means of an iron oxidp lime purifier G, For the above si^e of installa- 
tioo a hydrogen plant capable of pwiducing 2,500 cub. ft, of hydrogen per hour is 
provided, the being finally stored in the gasholder h. Should there he the 
probability of hydrogenating linseed or other highly •unsaturated oils, a hySrogen 
installation giving 5}00o cub. ft. |>er hour is necessary. 
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U IB found poBsible to produce by the above method hydrcwen pussefisitigf a purity of 99.9 per 
cent* and even murci constantly and without speciaJly skUletT attention* Carbon monoxide it 
completely eliininated, and 1 hi^h def^e of freedom mrni air and iiR cxnnponentB may, if deBiT1^d 
(althoujrh quite small tra^ of entrained air are not objectionable in hyiJniEen employed ftw oil 
liardentn^lt be avoided Ijy nsinp air-free stemn for the hydrogen furnace and surface condentters In 
place of open scrubiierH for freeing the hj^rngen from steam after Eeneralif>ti- 





FiTr. ba—Idaxted'h Oil IlaidenJug Autoclave. 


The hydrogenation portion of the plant compiises, for the si^e of instalUtifin in 
question, three hardening vessels shown at Kj, and k^, each capable of taking as 
its charge i ton of the oil to b# treated. 

A hardening vessel is showp in greater detail in Fig* 6d* *lt consists of a 
cylindrical portion a, containing a series of special baffles, and welded to ^larged 
upper and low^r portions. Attached to the vessel is a gas circulating purfip by 
means of which l^ydrogen is drawn out of the top rt^ervoir and projected *at a high 
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velocity upwards through the column A, while the oil pump c circulates oil from 
the bottom reservoir, and delivers it at the top of the column a. 

^ in practice ihesc pumjiis work sufficienUy qnickl)' lo fill the enlirrt vesiel with ax\ intimatt 
mixturii of hyiirogen and oil, biirderinjv on a froth, thcdcgxec of contact lieing lu a large extent 
brought about by the cunslruction d the bafHes contained in (be cidumn. These are of piopelier-. 
like form, cind are alcematcJy right npd left handerl, in additiVui to l>cing constructed in such a 
way as to preveiU the fciriuatitm of a central core cither of gos or nil. The baffles are^ of course, 

I he required emulsification of oil ami hydr^igen being eflecled by the forced ttiiiLion of these, 
in OJtitiler-current tonne another, through the column. The baffles arc shown on the left-hand side* 

Hydrogen to com[X!nsate for that absorbed by the oil is supplied as required 
from the pressure reservtiir N (see Fig. 59) into which hydrogen from the holder H 
is compressed by means of the compressor M. 

'The time required for the hardeniTig of an oil varies, of course, with the nature 
of the material treated, and with the degree of hardness required, together with the 
amouiu of catalyst employud, and the temperature at which hardening is begun. 

It is the practice in the Maxted system to keep the tem]>eraturc of reaction as 
low as possible, with a view to avoiding dotericonation in flavour of the product 
where this is to 1>e used for edible purposes. "Ilic temjierature at w'hich hardening 
is begun is usually i3s'’'i4o“ C, the proportion of nickel catalyst being from 0,5-1 
per cent,, according to the quality of the oil. 

As un cxjLumlc of lii^ic required frir liajdening untlcr ihc aliovc condilionx, a chuT^gv of raflned 
urnchi^ oil was burdened down in an iodine value of 54 in liour and ten minuies fur hardening 
to un iodine value of 27, the tem]jerature Ijeing in i-btr former c;isc mainUinod at 140^ while in 
the lalter it wua allowed to rUc hum 140''-1£5^ Crhy reaction liL-at. 

Tl)e oil after hardening is freed from catalyst by moans of the steam-heated 
filter presses shown in Fig. 59 at and Pj. 

The remainder of the installation is concerned with tlie manufacture of the 
supply of fresh catalyst necessary for replacing that rendered inactive by continued 
use. 

This catolyKt phnt consi'^U of precipitating tanks R,. tu, and f^irthe manufaclurc of nicWi'l 
hydronidp nr carbonate liy the iiUeiociion of aqneaiiJi suliUionfi of nickel sulphate and srjcla. The 
precipitate is lillcred and n-ashed by mcanii of one filter press s» the filler caku of nnrviluced nickel 
catalyiit being dried in the drying room 'r, and Kulisecjnenlly rcdticed to metal by mearLs ttf hydrogen 
at a icunjicinturc of Jilighlly more than 300^* C. in tJie n'diiccrs \V], \Vg, an<l W;,. ^ 

The pyrophoric nickel thus obtained is allowed to cool in hydrogen in an 
inert gas such as nitrogen^ after which it is stored in oil, and introduced in this form 
into the hardening ves.scls as required. 

Lane’s Installation for Hardening Oil.— Mr Howard Lane, of the 
Laboratory, Ashford, Middlesex, England, after thejierfecting of the I.4ine Hydrogen 
Vrocess, turned his attention to the installation of fat hardening jflant, and has 
worked out the process in detail- 

Fig. 61 show.s a plan of an oil hydrogenising factory designed by Mr Lane. 

The installation is to deal with 2 tons of oil per hour. The oil must be purified. 

T'he refined oil is brought in casks to the works and emptied into tanks. 

Four nichii^g tanks arc cnipltiycd, being £ fi. 5C[iutre E^y 4 dee]}, and provided with gratings 
ott which to iroll the ca>ik£ and wire \o strain the uil fjroni imptiriLies which might choke the 
pumps. The melting tanks art pir^vjderl with hot water .coils to melt the oil ani^ keep it Liquid, 
and also have 3-in. irou cocks at the hutlom. 4 

From the melting tanks the oil is pumped into six vacuum drying pans, each 
capable of holding tons of oil. Here the oil is heated (using gas heating, not 
steam) under vacuum, until thoroughly dry. The final temperature of the oil is 
1 50" C. 'I'he oil is then ready for transference to tbi: hydrogenising autoclaves. 

The pumpt UEicd for transferring the oil from the melting pans lo the vacuum drying pons 
should he capable of dealing with £56 gallons tif all per mimUe. AUu they should be in duplicate 
in q^cr to avoif] delays in cleaning i>r stoppage. ^ 

.The ^cniun pans are 5 ft. in diameter and ^ ft. highi made of steel platds | in. thick with 
dished erSls ^ ir}. thick. They areifitted with stirrers. Each pan h set m a cast-irun caic lined 
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With firebrick end provided with a gu ring burner for heaLing, air slide dai>rs for aocets and air 
supply, and with a chimney 15 ft. higti. The pans are fitted with the necessary test coqksi 
thermumetera, pressure and vacuum gauges, 

*« 





The charge of oil which each pan lakes (vie.* tons) Istj^actly that which the hydioattiising 
autoclave takes. , ^ , 

TbeTMcntim prhnpa for the pus and aul octaves she mid be in duplicate, each capable dealing 


hfydrogenrsing factory on the Lane System Sftaftiflf&pwrjr 

Fii*. 61* 
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witli the whole requirenwntK of the pluit. They shoaUI be capable of reduchg atmospheric 
preasure dowa to that moumed by a coJtioin of tncituTj 28 in. higL 

The di^pLacement of each pump, as lucasuTed by tlic stroke and diameter of its pistons operating 
for one minute, must not be less than T 30 cub. ft. Kacb vacuum pump should be ptrovUied with 
an interceptor or coLtcctor vessel, \n that moisture and impurities c^Aiing rnun the oil may 1>e 
intercepteo and condensed before losing into the Tnccbani‘;m of the pumps, 

Tlicsc interceptor vessels shcmld have a capacity of at K.'ut 50 cub. fl., and sliould l>e internally 
provided with cooling cidls so os tn ernden^e the hot fatty acids anil water coming over from the 
autoclaves. The interceptor ves^ls should Ijc in duplicate, with cliangie over valves, mo that one 
is in service while liip other one is being dennefb 

It is inijjortant to exclude air from contact with the hot and b order to achieye 
this the vacuum pans are connected with a low pressure hydrogen supply, while the 
valve at the bottom of the pans is connected with ihe hydrogenising autoclave, 
which is also evacuated. I'hc oil is thus caused to how out from the heating pans 
into the hydrogunising autoclave, and the space occupied hy the oil is taken by 
hydrogen. So that from start to linisb the hot oil never comes into contact with 
air, but is either maintained in a vacuum or in contact with an indifferent atmos¬ 
phere of hydrogen gas. 

As soim as Lhc yaa is empty of oM a freiih charge nf [jil is pumpL'cj in, 

'I'he hydrO^enising autoclaves are six in number fora 2 ton per hour plant. 

'j'he drawings (Fig. 6aA) show tlie I'onstruction uf Inane's most recent 
hydrogenising aulticlave, both in sectional elevation and frontal elevation. Older 
forms ate shown in Fig. Can, 

l'"[ich autoclave is provided with a pijic and valvt crmncctiun Ui ibe vjicmim ilryin^ pans, a 
hydrogen cotmuedon tape at the top mid LkiUoui, a v;iciiuin cuniitctiun. a pi|ic for the iiU rod action 
of oil and catalyst, and a discharge ^ape for the haolened oik 

^ Hie autuclave is liealed, as indicaicd, by gas, a ring burner being provided [itounJ the bu^ie 
of the autoclave. The c^unbustion jacket surrounding Ibr autoclave is open ai the top and lined 
with firebrick. Vucuuiu gauges, picssurc gauges, test cocks, anti tliermoiuctcr i>ockels are 
provided. In the older form of the autoclave it was provided with a stirring shiifi, worked from 
tb« tup r>r the autoclave, and provided with huaters and sheh cs, ns indicated in Pig. 6211, But in 
the must recent form this stirring shaft is worked from below, and ]>oih the projjeller oJ the pmnp 
and tile aluiinisiiig .shaft being driven cvtornally as indicated in i Jg. 62A by a half cro5se<i Ix^ll. the 
shaft emerging through a hydraulically packed water cooled htulfiug I ms. 'The autoclave is 
provided with an inner casing, .and at (he buse of the suLoclave (but inside it) is a centrifugal pump 
worked by the rolnding shaft. The oil is tlius thrown out at the base of the auloclave, passes up 
between the inner and outer rasines in virtue of iis centrifugni motion, falls over the lop of the 
inner casing on to the shelves, .'ind bills downwaids inside die casing from shelf to shelf, beftig 
struck and atomised as it falls by the beaters altacbed to the rotating shaft. In this way a very 
intimate mixture of hydrogen and oil i^ atUinwb The oil is a!bo healed uniformly and rajjidly by 
circulating rapidly against the liKiled suifaee of the outer casing. 

In order to control iliu amount of the oil passing through the turbine jTump a tiisc valve is 
arranged to be raised or lowered by uit^s of a sliding sleeve grassing through the boss uf the 
piCjHller. 

The autoclave is 4 ft. in diameter and 14 ft. high, and is nia<le of H-in. plates, and is tested to 
200 Iba. pressure per square inch. 

The charge is t J tons of oil 

The autoclave is charged as follows 

The autoclave is placed under a vacuum after previously filling with hydrogen, 
and the oi) inlet is then o|jened and the oil rushes in from the vacuum drying pans 
until the bulk of the oil has entered, but a little oil is purposely held backs' Next 
the atomiser pump and shaft arc set into action ajjd the charge of catalyst introduced. 
'I'he remainder of the oil is then delivered, and in.,S(> doing clears odt the catalyst 
from the connections. The inlet valves are then closed, and the temperature of 
the pil increased to 170' or rSo" C. Any remaining traces of moisture or free fatty 
acids arc distilled away by the high vacuum which prevails. On the oil attaining 
the correct temperature for reaction, the vacuum valve is closed and the high pressure 
hydrogen admitted by the lower connection. Th(& hydrogen raises the pressure 
inside the autoefave to about 75 lbs,, and the reaction commences, 

Tbctpwd of tbe reaction may be ftsccriained by closing the hydrijgen inlet valve. The rate it 
which thcjiressnie falk inside ibe autuclave indicates thi rate at which the operation is proceeding. 
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. Two to ttuoe hours is the usual time allowed for hardenings To abcertain when the opeiation it 
' ^.i^^ompleted, samples are withdrawn by the test cock from time to time^ and the melting ur setting 
^int observed. 

As suiOn as the oil is reduced to the proper consistency the fuel gas heating the 
autoclave is turned as low as possible, without completely extinguishing the flames, 
the rotation of the atomiser shaft^is stopped, and the oil is discharged from the 
autoclave into the discharge cooler by opening outlet valve and permitting 
the hydrogen under pressure in the autoclave to act as an expulsive force. ITte auto^ 
clave is then immediately filled with a fresh charge* 

The hardened tni flowing awny from (he atUxiclnvc h made to pass through pnpes placed in 
a trench filled with hot water in order to prevent the oil seUing and choking up the pips. 

In the cooler discharge vessel the hot oil is cooled out of contact with 
air in an atmosphere of hydrogen. 

This Is necessary fijr two reasons. Firstly, conUct with air oxidises the hot oil and give'i it 
an unpleosani ta^te and bad coltpur^ Secondly, ihe oil :L!i it comeh from the autoclave is >o hot 
that it will damage anti poasihly cHxr the filter clothe if dischargctl directly through them without 
A previous cooling. 

Each of the six hydrogenising autoclaves has its own cooler discharge vessel. 
The latter consists of a cylinder, 4 ft. in diameter and 6 ft. high, designed to take 
the charge from the aiitot^lave, namely tons of oil. 

Each vessel is fitted internally with a conlmg coil of cold water, with inlet and outlet valves, 
with Ci>nno':tic>n)i Lr> the high and low pressure hydrogen supply, al>>o with a pressure gauge, 
test cock, and thertnnmctcr an<l mercui^ pocket, so that tlie tempeTatare of the oil pas^ng into 
the filters may be oliscrved and regulated by the cold water coll. 

'J'he oil, when suflicicntly cooled, is now pumped out from the cooler discharge 
vessel through the filter jirusses, in order to free the oil from catalysts. 

These filter presses, one to each autoclave, consist each of twenty^four plates, each 24 in. sr^uare. 
The filter pretiseB are alko provided with hot wali;r heatio^^ wu tliAt the oil will tiut solidify in 
them and lAock them u]!. The first ruiminj^ of oil an' always contaminated with calnlyst, and 
are run into a separate tank for retuTning to the filter, hot afterwards the oil runs clear thrmigh 
the liiter The fir'.t runiiiiig>h arc then puTO])ed tEifoogii tbu filter once more, and so freed 

from calulysl. 

l£adt of the oil tanks fitted to the filter is provided with healing coils to maintain the oil liquid. 

The cake of caEalyst left in the filter ]iresses is rctnovdl and us^ over again with fresh catklysU 
With care, this can he done four or five thucs. 

* 'rhe oil thits obtained is pumped from the oil storage tanks into casks* If it is 
necessary to sUirt; ai the works the oil may be pumped into large storage tanks, 
with a capacity of 2 q tons of oil, each tank being fitted wilh heating pipes to keep 
the oil liquid. The pumps doliver loo gallons of oil per minute. 

The catalytic material used in the Ijane process i.^ nickel deposited upon 
kieselguhr, and reduc’t^l iir 

Tlie success of the oixjration tlcfiends upon [ueparing the catalyst correctly. 

Tlio catalyst h pri;parcd of. follows; -- 

Take 4 cwt. of nickel sulphite anil disbolve In ^ cwl. of hot water in one tank wilh A capacity 
of 20 cwt. 

Take 4 cwL. tif bodiuin ciThnnatc and dissolve ia S cw't. of water in another tank of the tame 
capacity. 

Take 3 cwt. of kicsclguhr (clean bei^t <pia1ity free from bind) and emulsify it in 6 cwt. of hot 
water in* tank of cajuciiy 40CWI. 

To the link containing Oie kicselgiihr eniuhbn add the contents of the nickel sulphate tank, 
thoroughly slirgng the materials together until thoroughly miieil. Now add very slowly the 
sodium carbonate solution, anci hoil mixture for one hour In ensure the granulaijoir of the 
pre^italed nickel carbonate. ' * 

The particles of kieselguhr luivc now become coated with an adherent film of nickel carbonate, 
while the sodium carbonate has been transformed inlo sodium kulphaie. 

The solutiDO is now passed through a filter p'ess wl ' ^ will just hold the solid precipitalc- 

The sodium sulphate solution is rnn to waste. [If some unpiecipitaLCfl nickel is sbll contained 
tberein more sodimu carlmnate is add*i, and the pnecipitaLed nickel carbonate collected,) 

The cake thus obtained of kicsclguhi impregnated with nickel carbonate must be thoroughly 
washed free from all traces of sulphatef This ia sometimes done in the f\liet press itself by meana 
of hot water. The easiest way, however, ia to remove the cake from the filter presa, hre^ it upr 
re'caiulsify it 4 iLh#water, and again filter, repeating the process five times at least. 
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The carefully wa^ed cake h removed from the filter peu, dried in a. hot air chamber, ground, 
and sifted. It then carefiUly heated upon a tray or Jieet of iron until all decrepitatioo ceases. 
The pewder is next reduced lo nicicel in an atmosphere of hydrogen. Thh operation is conducted 
in a special machine invented by Mr Lane* 

It consists of a closed vessel) heated by gas, and provided with thrrir^ arms* The air inside 
ii replaced by ga^, then the heating is started. The machine ns fitted with a condenaer, and the 
water farmed Ijy the reduction passes over* TJie redui^on ib known to be comjflete when water 
ccascB to come over, ^ 

The temperature of the reduction Lies lietween 250' and joo"' C- 

When the retiuction is completed, the arms are reversed so as lo throw the reduced material 
into a bath of oil, without allowing it to come into contact with air. 

The catalyst material is thinned out with oil to enabfe ii to be added to the autoclave. 

Each ton of oil to be liarriencd requires about 15 lbs. of metallic nickd, r>., 
84 lbs* of the dried cake, before reduction. 

The hydrogen used in the process,, as explained before, must be as pure as 
possible. To produce a tons of hardened oil per hour a minimum supply of 7,000 
cub* ft, of hydrogen gas per hour is needed. 

TheTiydrogen is produced by the well-known Lane process, which is described 
in the authoA book, “Industrial Gases,” to which the reader is referred for 
further particulars. 

The process is briefly this:— 

Steam if; first patted over hni iron in a suitable furnace, when hydr^en and iron oxide are 
pioduced, thus:— 

, -I- 4Ff:jO - Fc.-Oi r 4IJ5. * 

I run. Steam, Iron Hytlno" 

<ividc. 

When the iron h oxidised it i;, again rotluccd by pas>ing water ga': over the masi:- 

J u.Oj t 2\L I 2CO ^ 3F0 I 2[JJ) ^ 
troll '■——V-—' rmn. Water. 

ojitlt Water 

The water gas itself is produced bv blowing ^iteam through rod-hut coke 

jf;iO + c - cn f IL 

hleam. Co^ti, ' 

Water Kfli. 

In the I*anc system the {mu is derived fjfxmi ^[jaihic iron ore ferrous carl 1011,11 e, KeCOa. This 
iscaldned, when it Itecrm^es ferrous oxide, FeU, and in this form L placed in the ^eto^t^. 

The water gns uved to reduce the iron oxide to metallic irtm must lie rarefiilly purified to remove 
sulphur dioxide, sulphureUdl hydiogen, water, etc. When the reduction is complete the sufmly 
nf purified water gas ih cut off, and steam at a low pressure admiittfl to the retorts. The first 
portions of hydrogen wldch come off are cuuiaminated with of the reducing water vapour, 
and carbon dioxide lingering in the retorts as the result of the previous reduction prrjcess* It is, 
therefore, not sent into the hydrtjgen holder, but Imml under the relurts. 

After the plant has lieen working for some time the iron gradually Losev iis activity, and in the 
end almost cea.ses to react with the ^tcam to produce hydrogen. 

This hi due to the fact that sulphur compounds and other impurities attack 1 he iron, and form 
bodies whidi arc not easily reduced by stuam. Tlds stale nf uliair', Is icriic^lied by ^icrlodically 
pa5Mn|F nir through the mass of iron backward^, so ax lo [ixidise away the sulphur and other 
impurhics. 

From this brief description it will be seen that ilic Lane hydrogen plant 
consists of (1) the hydrogen retort furnace containing the iron oxide, which is 
periodically oxidised by steam from (2) a steam boiler, and reduced by gas from 
a (3) water gas producer, attached to which are (4) purifiers for lift water 
gas, and (5) a gasholder for Ibe water gas \ (6)‘ a gasholder for the hydrogen 
{this is the low pressure ♦hydrogen supply referred to in the tex^ above); (7) 
coTH^ressors fdr the hydrogen gas; (8) reservoirs'for high pressure hydrogen for 
sending into the autoclaves. 

By referiing to Fig. 61, p. 107, the plan of the Lane's hydrogenUIng works, the relative positipn 
of these various pieces of apparatus may he seen* 

L 

The hydrogen compressors pump the hydrogen direct from the low pressure 
gasholder of the hydrogen generating plant of the establishment into the high 
ptessufe hydrogen reservoirs. 
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The tuibQgCIl COnipreitOirS shouhl be in duplicate [m else of foiLune), ind should be cupftbte 
of oompiesaing 10^007 cub. ft. of hydrpc;ea cas per hour at atmospheric preunre to u pressure ^ 
250 Lbs. per squaie inch. 

The storage reservoirs into which the hydrogen is compressed at 350 lbs. 
arc tested hydraulically fd 500 lbs. per square inch. At this pressure all pipes and 
valves should be perfectly sound, as large amounts of hydrogen may be lost through 
apparently small leakages, since hytitogen is a very thin, light gas, and rapidly, 
diffuses. The capacity of the compressed hydrogen reservoirs is 714 cub. 
ft. This corresponds to a storing capacity of ro,ooo cub. ft. of /ree hydrogen 
measured at atmospheric pressure and then compressed to 250 lbs. per s<]uare inch, 
allowing fur increase of temperature after compression. 

The reservoirs may be built up of large tubes or of multiple vessels. They 
must be provided with a perfect drainage, so that any water condensing in the low 
lying parts of the reservoir may he blown away by means of readily accessible 
test cocks. 

As stated above the oil is only treated with hydrogen at a pressure of 75 lbs. per 
square inch, and crmsequently the pressure of the gas from the reservoirs is let down 
by an automatic regulator to this value. 

One reajvon for ct>mpreMin£ the bydroyen ao ^(^ongly into the reservoirs is Icj dry it. Sironely 
compressed hydro^ren deposits much of its intfistuie on cooling;, and the use of ihe driest possihle 
hydrogen is imporunt. 

Xo atmospheric aii or oxygen must lie allowed to leik mlo the hydrogen, as thi> will diacoUiur 
the oil and damage the catalyst. 

The whole works will require about 50 11 .R to drive it with a sufficient reserve 
to provide for contingencies. 

Steam is retiuircd for operating the fuel gas plant. The entire heating of 
the plant is effected by the medium of cheap fuel 

Mr liarx' docs not favour the enrfpltiymcnl for this piiT[iosc nf su|-»erhEateil steam, liecause the 
tisc of sitch entails cosily hiph pressure conslnictlon and very high pressure steam holler!!. More* 
over, there is a considerable risk of leakage inlo or out nf the vessels owing to the ciismjilive eflects 
of unequal expansion or cuntraction. In the event of water filitaining access to the highly heated 
oil exploGion moy result. 

The fuel gas is generated in a continuous manner from coke, coal, lignite, or 
other fuel. The gas is generated under slight pressure (say 2-3 in.), and is cleansed 
fron^ mechanical imf^uritics, and delivered into a gasholder which provides a 
uniform and steady supply of heating gas to the various autoclaves and heating iMins. 
The gas is producer ga^ of caloritie value 150 thermal units per cubic foot. 
Water gas is too costly for use for heating purposes. 

Geoffrey Martin’s Process.— A new principle for mixing and heating the 
oils was introduced by Geoffrey Martin in an English Patent, No. 129,461 
([6th July 1918). In this apparatus all mixing gear, baffle plates, etc., are avoided 
in a very simple manner. I'he apparatus is shown in Fig. 62c, p. 112. 

1'hc charge of oil (w)iich may have been preheated to a suitable temperature) 
is placed in a reservoir 5, whence il flows down a series of tubes 6, 6, 6, which 
may be horizontally placed or vertically placed. These tubes arc heated by a steam 
jacket (as is shown in the attached diagram). The oil floAving down the pipe 6 is 
sucked in oy the pump 4 and thrown up the pipe 3 back again into the reservoir 5, 
so that the oil i^maintained in continual circulation through the reservoir and pipes. 

The heating of the oil is thus effected not in the reservoir ,5 but by tneans of the 
steam jackets surrounding the pipes 6. As the pipes can be made of any length 
the heating of the oil can be made to take place v^;ry rapidly, and the temperature 
of the heated oil is regulated by a thermometer or thermoindicator ip the pipe as' 
shown. ^ 

The mixing of the hydrogen with the oil is also effected in the pipes 6, 6, 6 as 
follows:—Projecting into the pipe 6, fl, 6 is a series of perforated pipes 7,7,7, closedi or 
partially closed,^at each end. The hydrogen gas is forced by the pump 8 into tkese 
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pipes through the pipe 9 until the requisite pressure of hydrogen is attained. 'The 
drculation of hydrogen in the apparatus is maintained by the pump 10 which draws 
the gpa from the top of the vessel 5 and forces it down the tube 9 and then into the 
tube 7 , where the gas rushes out through the perforations into the descending oil, 
so that there is a continual circulation of oil going on i^'the one direction and a 



In a second patent applied for on 27lh Novumber 1918 (19,567, l9tSj, CcoIFney Martin malces 
his prccesi continuous. The appratus is shown in 63. The oil lo be hardened is pumped 
ina Btoadystre^ into a pre-hearer Kand then flows out lii a carefully r^ulated itreatn through the 
tubes. Atthepoim Aitmcetsibeoil from ihetank M, ivhich oil is forced in through afored pump fa. 
Tbeoilinirf is irapneGiiated with catalyst, and cOnsecuently, the oibcontainme catalyst mixes with the 
^largfr vglume of oil devoid of caulyil coming from the pre'hcater i, and the rate of flow of oil from M 
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and from'thf pne^hefller i is so rrealated that prowr amounts of catalyst are introduced into the oil so 
ai to cause hyarngenation to take pace properly. The oil now mixed with catalyst ispummd liy m«j» 
of C up the tube 3 into a reservoir 5, and continuously flows down a series of tubes 6»6, &, which may 
be of very considerable len^, and which are heated eKtemally by steniii» hot air, or other heating 
medium- Inserted into caA-ejf the tubes 6^ 6,6 is a series of perforated ppes 7»7, 7, through which 
the hydrogen is forcedf and which churns np and mixes with the oil as it flows down the tubes as 
described in the previous patent. The oalt by the time it has passed through nil the tubes and 
has reached the outlet tJj is hardened suOiciently, and passes jway through the cooler a, and then 
is forced through a pump p to a Alter press a or oilier arrangement for removing the catalyst. 
From n it passes to the storage tanks, ^e rate at which the oil is hardened depends upon the 
length of tne pipes 6, 6^ 6^ through which it passes^ and the quantity of hydrogen ^ it meets in 
passing down the pipes. Also the purity of the hydrogen and the sensitiveness of toe catalyst are 
important factors. Consequently, by making the passage through the pipes 6, 6^ 6 sufficienliy long, 
and causing it to meet a Eufhdcnt quantity of hyarogen during its passage, the oil emerging at E 
can be harnened to any retjuired degree. 

The advantages of a continuous counter-current process are obvious. In ordinary processes 
large masses of oil, weighing a ton or more, are treated in batches in massive autoclaves, whereas 



Flit. 63.—Geoffrey Marlin's Continuous Oil HydrugenatJou Process- 

in the present prores'; the ^ul js fed in a thin Btream through long tubes, without at any moment 
of time a great mass of oil hi-ing uTidcr treatineiil- Thus danger of eitplofiion or fire ate Largely 
obviated. A large quaniity of liydroj^en can also bi' forceti against a small amount of oil, so that 
the Utter is rapidly hydrogenated without prolonged heating, thereby avoiding dcterioiation in 
ijualjiy. 

The Kayser Process (United States Patent, ij004,03S, 1911) consists in 
niechanit^lly agitating the oil and catalyst in i)re3ence of hydrogeti under pressure. 
The apparatus descril^ed in the patent is shown in b'ig. 64- 

A horizontsl ji-cketed drum is closed by s^ufling bore.^ at each tnd^and ermtains working paddles 
covered by gauy-e. A pump a draws bj^rogen from a tliree-way valvan and pnsscK it through c 
into the vessel. The veiisel is one-fourth to one-firth full of nil and catalyst. Unalisorbed hydrogn 
ia blown off ait D. The oil is run out at K The temperature hydrogenation b J SO* C. to iCo^p. 
Kiesclguhr is suggested as a carrier for the catalytic nic'tei. tUuited States I'atent, 1,00^,474, 1911.) 

Wilbuschewitsch Process (see United States I'atent, 1,079,276, ^9^3; 

U.S. Patent, 1,024,758, of igiz ^’English Patents, 15^440, tgii; 72, 1912)* Tbe 
apparatus is shown in Fig. 65, p^ 115^ . 

The vessel k contains the fat to be treated, and the vessel o containi the 
catalyst. Punf)is a, feed the oil and catalyst into a mixing device B, by wlych an. 

a . ' / 
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intimate spray of catalyst and oil is obtained. The mixture passes through a pipe 
c and a valve h into an autoclave Jj, which is furnished with a spraying device Cj 
which consists of a number of ncwwles so arranged that the oil and catalyst are 
uniformly sprayed into the whole inner space of the autoclave. A compressor K 
forces hydrogen into the autoclave under a pressure of nine atmospheres^ the 
hydrogen passes through a pipe x, which extends from the upper part of the 
autoclave downward to its lofrer cud, and terminates in an admission noiule Dj* 
By this spraying system an intimate contact of oil and hydrogen on the counter- 
current principfc takes place. The autoclave is heated to 100*160" C The 



JacAtt 



Tic, 64,—Pioct^b for Hydrogenating Oil. 


partially hydrogenated oil collects in the conical [varl of the autoclave, and is 
sprayed in the form of a fountain through the autoclave by the incoming hydrogen. 
The oil from the first autoclave jj is forced by a puviip Kj into the second autoclave 
jj, the hydrogen enterings through the pipe actions occuiVing in the first 

autoclave ar/repeated/ 

Several autoclaves can be arranged in series tn this way. When the fat is 
sufficiently hardened (determined by withdrawing a sample and determining the 
melting point or iodine value) the oil and catalyst mixture is run out through 
the valve u into the centrifugal apparatus f, where the oil is separated from the 
catalyst. The clear oilruns into the tank N,, while the catalyst passes through 
the^cipe and the valves s and T to the vessels o and p. Spent catalyst is 
run into Jhe tank ? to be regenerated, Fresli catalyst is inlrodpced through the 
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valve T. Unahsorbed hydrogen passes through the check valve w and the pipe q 
and cooling worm L into a washing vessel m filled with caustic soda lye, where 
it ts purified and passed on to the compressor and autoclaves. 



Testrup's Apparatus (English Patent, 7,726, 19:0} is based on a 
spraying system, The apparatus is shown in Fig, 66, It consists of a series of 
closed autoclaves jr, 0, j, f, in which oil'and catalyst are, sprayed in series into 
hydrogen gas*at*a continually decreasing pressure. 


Fig, 65,—Witbuichewitsch Prooefia for Hydrogenation of OiI»* 
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Thus in g the oil, heated to r6o"-i7o“ C, is subjected to hydrogen at 15 
atmospheres pressure. In the liydrogen is at 12 atmospheres pressure: This 
difference in pressure causes tlie oil to spray from g into o. j has a hydrogen 
pressure of 9 atmospheres, and, consequently, oil sprays from & into j. The oil 




and catalyst are thus sprayed several limes into gas at successive lower pressures. 
The oil enters by the pipe f and the hydrogen by ; n is a reducing valve for 
regulating the pressure of the gas in the next autqjdave; h shows heating tubes for 
superlieated steam \ I is the pipe airrying the oil lo the spray no/zle The oil is 
pre-hfated to 160“ C in the vessel a width is provided with stirring arms, r is the 
3 |orage tank for the oil, while w is the filler jiress for re moving catalyst from the 
lreat^<oil; y is the treated oil tank. ' * 
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tt should be noted that lioth Wiibuschewitsch and Testrup^ system refer to the 
OT ^'atomisation” of the oil into the hydrn^. A number of iKilents cidst^ the object of which is to 
brine the eatSLlysls, oili and hydrogen into intimate conUcL Yet all that is apparently needed is a 
gentle mixing of the contents* as very rapid diifusion takes place. 

m 

Ellis (U.S, Patents, 1,026,156, 1912; 1,052,469, 19131 i, 04 < 3 iS 3 ^ J 
British Patents, 24,084, 1912 ; 16^782, 1913 j 16,600, 1914) uses tabes filled with 
catalysing material iit granular form, and allows the tni to flow through the tubes 
in one direction while passing the hydrogen in an opposite direction. 

Fig. 67 flhows a vertical type of , apparatus* the Ciitalyser being shown at c in the tube 
A. Oil enlerji hy the pipe O and parses into the tube or cylinder a. The pump J' catiscs 
the oil to circulate from Uic lop to the Uittom of the appaiatu'^ through the pipe 11, Hydrogen 
gas admitted at h is |}um^H.'il to the bottom of the cylinder a, and tlie excess is withdrawn at the 
tnp by the pipe Ti* parsing through the drier k jind back into the treating cylinder, fn another 
form of apparatus Fllis arranges the catalyser in beds <»r Lrays, instead uf in a bed of considerable 
depth. See United Suucs Patent, 1,040,331, 1912, 



Calvert (English Patem, 18,350, 1913) mixc's the oil tmd gas by means of a 
rotary stiirt;! driven by an elertrii: motor contained in the autoclave itself, and 
under a hydrogen pressure etiunl to that at which the reaction is carried out* 

(2) Wet Processes. ““In these processes the ealalyser is generated in, and 
not without, the oil to be hardened, A compound t>f nickel is introduced into 
the oil (or part of the oil) to be hardened, and the whole is healed while a stream 
of hydrogen is passed through. ^I'he nickel is thus produced /« sttu. 

Three jirocesses have been worked on a large scale:— 

1. The Bedford-Erdtnaiin Pfx)cess (sec English Patents, 2,520, 1^07; 
39,612, 1910; 27,718* 1912; 28,981, 1912; United *States 3 *atent, 949,954, 1910; 
German Patents, 211,669, ^ 9^7 i 221,890, 1909)—Nickel oxide is introducedJnto 
the oil, which is healed to 255^-260“ C* Hydrogen gas is then jiassed through, 
which reduces the oxide to tjjie metallic state with the liberation of water (see 
United States Patent, 1,026,339, 1912), 

Th« disadvantage of the use of nick^ oxidt is^thc high tcmpcfaturc thai It lx necessary to tmplay 
in ord«r to cayse reduction, this temperature being elohc it* the temperature of decompaction of 
the faU A poitiaHy decomposed fit cause# a bad colour and tasLc in tbe hjdrngenated dL * 
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Erdmann introduced certain im^vements into this process, producing^ the 
Glide by special processes* The oxide, for example, is produced from the'nitrate 
instead of from the sulphate (see SUfen, 1913, 1413; also German Patent, 
ati,669, 1907)- 

A stDHl] fjclflTy was erected at Sleaford, EneUtid, A company, called the “Aidol Co., of 
&lby,” li stated to lie working the process* In Germany the Ammendorfer Oelharlungbwerke ” 
U Slated to have adopted the procesfL 

A great advantage ol the process is the fact that a very impure hydrogen can be used in Ihii 
process. It has bMn stated lhal the Anlol Company of Selby use the Caiu-Linde process fw 
nydrog^n, liquefying water gas, and sqsarating the imcondensed hydrogen from the liijuid carbon 
nwnoKide. 

A diAlcoUjr in this process is the filtering of the oil free from catalyst. The nickel suboxide 
appear! to be in a colloidal condition and soon blocks up the filter cloths* 

Sedimentation ]£> said lo be resorted lo In addition to filtering, the oil being run into tanka 
and allowed to stand until the bulk of the nickel caLaly;,! has settled out* It is only after the 
bulk of the nickel has thus been removed that the oil is sent through the filter cloths* 

Attempts to destroy the colloidal condition of the nickel salts by the use of electrolytes auch 
05 salt or alkali, are stated to have led to improvements in the process* 

a* WimmeT'KigEins Process (see English Patents, as,326, 18,282, 1912; 
^ 3 i 377 » ^912; 4,144, 1913; 4,665, 19^4; United States Patent, 1,081,182, 
*913)'—Here the nickel is introduced into the oil in the form of salts of organic 
acids like formic, oxalic, or lactic acids. 

Th^se salts are much more easily reducible than oxide of nickel, so that over¬ 
heating is avoided* 

It has been objected, however, that on heating carlmn monoxide is split off {which acts ss 
a. catalytic poison), and that the organic acids arc liberated, which attack the apparatus. In 
Germany a company lo work the process lias liecn formed called the " Fcttrafinerie A*G., 
Bremen und Brake.” 

3* Process of the Norsk Hyderings Company (see English Patent, 
11,540, 1913; 11,543, 1913).—In this process nickel carbonate is the salt of 
nickel employed, which is reduced in oil at a lower temperature than the oxide, 
and is stated to be free from the defects of the Wimraer-Higgins process The 
company hold Fuch's patents. 

The process of reduction is thus described in Fuch^s patent, No* 11,54?, 
1913:— 

1,000 (aiielh(iU3and)kil<^rams of castor oil are mixed with 1*2 per coni, of finely-powdered 
and frnhly-pre^red nickel carbonate previnusly dried ai i lo*" C.> and the mixture is then heated 
tn 230'* C., wmUt a current of hydrogen is slowly allowed to pa££ through the same t a;, ^oun is 
tbia temperature of 230“ C. is attained, highly-compressed hydrogen (say from [2 to [3 atmospheres) 
is admitted into the mixture through a capillary norzlc* The reduction of the salt to metalitc 
nidltd takes place under the well-knnwu chaiacierisiic: phenomena, namely, with slight frothing 
due to the ibrmatian of water- As scion as this operation js completed, the Icm^ierature is lowered, 
and the reduction <if the oil carried out as an uninterrupted eontinuntion of the preceding operadon.” 

In a second patent of Fuch^s, No. jt, 543 i ^913, held by the company, the 
following conditions are laid down for increasing the speed of the hydrogenation 

“An esicntial increase of the speed of the reaciion is oljtained liy maintaining the oils under 
treatment at a moderate lemperalure of from 90"-] 50" C., while the reducing gas is healed to 
a higher temperature, namely, say from 200* 250'" Q 

“The avoidance Vif a too high heating of the mass itself has a favourable infjiience upon ihc 
final product, whereas the hea^ng of the reducing agent Ha]]pear5 tn produce an increase of its 
airtirity. Compalalive expenments have shown that by lliese means the speed of the reaction 
con be increased to the extent of over 10 per cent. 

^Gaxe must lie taken to increase the efficiency of the reducing gas by a preceding splitting 
of its molecules into atoms* This can be done 1 w subjecting the gas to chemically octiverays. 
A dissociation of the hydrogen also appears to take place when it is conveyed over cata^tciUy 
acting Buhstances, such, for example, as spongy platinum or Ixeshly-preisared metallic nickeh The 
dissociated hydrogen possesses, as has been proved by comparative experiments, an increase 
of activity of from IS-ao per cent. The catalytic substance can be located wilbin a suitably 
long pipe or upon trays of a column apparatus, and the necessary beating may be effected by way 
offcaamp^e by means of a Iicated qit casing.” 




HYDROGENATION OF FATS 


119 


HiLs'ptocess h woikcd on & Tory largo Kftlo by the following oompanies:— 

KotTfih^,— The Vera FedttafHneri A>S^, Saadefjordp Capacity » 16,000 Urns peryear^ Edible 
and induEtnal fats. 

SwedwL—AktieboUget Hcnriksbgrgs Fala-iker, Stockholm- Capacity, 10,000 tons per year. 
For hafdeoing vegetable oiL^'tfor industrial and edible hard fats, 

DeiUDuk.-^A.S- OliehaeTdningsfabriken, Kjobenhavn, Capacity, 6,000 tons. Edible fats 
from Aoja \te&n oil. » 

Holbuid^—Jan l>eUker, Wotmerver. Capacity, 4,000 lont. 

Brigitun.—Dc Bruyn, Ltd., Terraonde. 10,000 tons. Edible fats. 

France:.— Societe de Stearinnene el Savonnerie de Lyon. 8,000 tons. For candle and soap 
manuJacturc. 

Italy. — “ Corisolcum Sneieta Italiani per I'lndustria degli Qlii, Mira. 16,000 tons^ For 
candies, soaps, and edible fats. 

Gennanj.—Centra A.G., Krischwit^, Elbe. 20,000 Loos for candies, soaps, and edible Fats. 

Rottmania.—Phenix Societate Anonimn Komatia, Budiaiest- 4,000 Ions for edible fats. 

{3) Gftseous Process^.—In the nickel is ptissed into the oil in the 

form of an unstable gaseous compound, namely, nickel carbonyl. 

This is decomposed in the oil, depositing the nickel, and liberating the carbon 
monoxide. 

ShukofT (see German Patent, 241,823, Jan. iS, tgio. Also H. Kamps, 
Belgian Patent, 246,975; United States Patents, 738,303, 777,848, 943,627) 
seems to have been the hrst to have claimed the process of hydrogenating oils by 
means of nickel derived from the decomposition of nickel carbonyl. 

The carbonyl is oljtaincd from reduced nickel by pa-ssing carbon monoxide 
over it at a low temperature. The carbonyl is soluble in oil, and when the solution 
is heated to 200’ C., the nickel Is set free and can be used as a catalyser. 

It is stated by some authorities, however, that the carbon monoxide acts as a 
catalytic poison for the nickel. 

Lessing* (British Patent, 18,998, 1912) has worked out a process for the 
hydrogenation of oils by the use of nickel carbonyl, which is being worked by the 
Hydronyl Syndicate, Ltd., 140 Leadcnhall Street, London, 

The system is worked on the counter current principle. A gas composed of 
hydrogen and a small amount of carbon monoxide is passed over nickel contained 
in a container and heated to a suitable temperature. The carbon monoxide takes 
HP the nickel, and the gaa then passes into the oil heated to i6o''-2oo“ C. The 
nickel carbonyl decomposes in the oil, setting free the nickel in a nascent condition. 
The hydrogen present then acts in the presence of this catalytic nickel, and hydro- 
genises the oil. The presence of carlmn monoxide is stated not to poison the 
nickel to such an extent as to stop the rapid action of the nickel, because the nickel 
is liberated in an atomic condition, and acts so rapidly in this condition in the 
presence of excess of hydrogen that the poisoning or slowing effect of Ihe carbon 
monoxide on the nickel does not have practical results. 

In Lciisiiig's proresK only ordinary atmospheric prcbburc.'i need lie used, and a temperature of 
about i8o‘' L. is retjuired ir> dixonijxise the nickel carhonyl passing through Lhc oil. A rnuimum 
amount of Q.I per cent, nielallic nickel is used. The nickel may be recovered fTom the oil either 
by hltcr-preafiing Dr centrifuging in suilahle :ipparatus. 

In the ordinary processes of oil liardening tiie nickel calalj'sl must he recovered by dissolving in 
sulphuric acid (or other flci<1), making into nickel sulpimtc (or odicr suiliilile salt}, then pte- 
eipitaling os carbonate and reducing, again. In the Lesiiing jirocess, however, this procedure is 
avoided 1>y teaming the scrap nickel ^talpL into the voWiliscr, and passing catbon monoxide 
over it. The carlain monoxide picks up the nickel, and the nickel-containing gasca poK once 
more into the healed oit. The procc^ con be worked continuously, oil liavelikig in one direction 
and the gases in the other. The carbon monoxide can be recovered and used over and over d^gain. 

Costs of Hardenln^f Oils 

Estimates relating to the Jost of hardening oils aro, for many obvious reasons, 
difficult to obtain. ^ 

The following figures, supplied by IVtr Lane, relate to his process, and tl}e pncei. 
quoted thareig apply to pre-war days. I'he figures, however, are very inftruejive, 
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and are founded on data taken from a Lane plant producing i ton of hardened 


oii per day 

Cwt of HArdeiwiir i Ton of Luiseed OJ. 

Hydrogien—3,530Ciab. ft ai 4S. 6i(i. p« ipOOocubn fi. • - - o l6 o 

LoBfl of Cmttljst ‘ - 0 J4 o 

Fod for Heotittg—t cwl. ct»kc at 30*. ptr ton • - ' - 0 1 5 

Power ■*' 010 

Steam—J j 344 lb& at 3s. 4tJ* i>cr tfjn - ^ 0 3 0 

Wftter—400 cub, ft. at lock per i^ooocub. ft ' - 0 0 4 

Filter Gotbs—i yaid at \s. 3d. per yard ■ ' -0*3 

Labour (including preparalton oF ealalyht)—7 men at 6d* per hour 036 

Rtuming;^ Repairs ■ -030 

Total ' - 2 1 9 


Nickd sulphate ai 42^ per cssl, kieselguhr at 17s. iiex cv/U carboitat* of soda at 535. 
per ton. 

Referring to these figures, it will be seen lh:i( the heaviest item appears to be 
hydrogen; find indeed the whole problem of liardening cheaply appears to he 
essentially the prtjblem of producing pure hydrogen cheaply. Tlie recent great 
improvements in hytlrogcn manufacture will, no doubt, bring itiis figure down. 

T'he item " loss of catalystis serious. The cost of labour is, at the present lime, 
much too low. Also nothing is j>]a<:cd against depreciation of plant. ,lt will be 
noticed, too, that the cost dq^ends largely uiion the nature f>f the oil treated. Tims 
a heavy unsaiurated oil like linseed requires a much greater (juantity of hydrogen 
and a much longer lime than a more saturated oil, sut'h as cotton seed. On the 
other hand, a fisli oil like whale oil may icr|uirr- niorc hydrogen tlian linseed. 

The author has beard it stated that the nickel suboxide process cost, to harden 
per ton oflinaeed, about tfi^yin pre-war days, and at the pre.senl timeal>oul ^£^14. 
These figures give some idea of the cost of hardening oils, although eml estimates 
have never been published. 

On p. 123 we give the very instructive Costs of Hardening Kals obtained by 
the Centra A.G., Kriscbwiu, Kibe, which the reader should study. 

Uses of Hardened Fats.— 'f’be process of Iiardening fats lias now become 
of great industrial importance. ^ 

The world's supply of hard natural fats ir insufTicient to meet the wants of 
commerce. The supply <if liquid oils, on the other hand, is abundant. The object 
of hardening oils is to convert the superabundant liquid oils into hard fats like tallow. 

(a) Use of Hardened Fats in Soap-Making.— The best soap-producing 
(at is a bard fat like tallow. It yields a firm soaj>. 

Unfortunately, so much of the natural supply of hard fats is now employed in the 
making of margarine and other foodstuffs, that the amount of such fats available for 
soap-boiling and candle-making has seriously diminished. 

Owing to the increase in cost of tallow and the limited amount in which it is 
obtainable, the soap-maker within recent years has fallen back on other bard oils 
like palm and palm-fcemcl oil, coco-nut oil, etc. 

These oils, also, arc rapidly increasing in cost, and their use in other industries 
is increasing, 'fhc only other oils available in Urge ainounts to the soap-maker 
are liquid oik like whale oil, soja-bean oil, and the like. Unfurtunatily, they yield 
soft, sticky soaps, so that by using these oil.s in the natural state the soap-maker 
obtains a product of inferior quality. 

. When, however, these oils are hardened, he obtains from them substances of a 
taUowdiie nature {white, odorous, and hard), which make firm soaps without 
aflfecting the yield of glycerine from the oil—glycerine being a very valuable product 
of the soap-making industry. 

Tt]e hydrogenation process thus givc^to the'soap-maker a wide range of oils 
which otherwise woufd be alntost useless to him. Consequently hydrogenated and 
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hardened fats are at present used largely for soap-tnakmg' (see English Patent, 
13,042^ 1907). Although the soaps produced arc hard and do not lather well, this 
di^culty could be got over by mixing the hardened fat with a suitable amount of 
another fat which woulf^ give the necessary qualities to the soap* Usually 35 per 
cent* of hardened oil is added to the natural oils. 

The soap made from hardened fut ia' slated to give fnljaiactoiy rcaalLs with a much larger 
perceutage of re^im than can be tiivcd in suap made from tallow or palm oil. 

{b) Use of Hardened Fats in Candle-Making^—Candles require to be 
made of hard) firm, white material/ Hydrogenated oils supply a cheap material for 
^making candles, tallow and other high-class hard fats being very expensive to use* 

(c) Preparation of White, Hard, Inodorous Fats from Fish Oils,—- 

Fish oils in their natural slate arc usually discoburedi foul smelling, and low-grade 
liquids* 

By subjecting them to hydrogenation, their unpleasant smell is completely 
removed, and they are turned into white, tasteless, odourless fats of tallow-like 
consistency. This makes the process particularly valuable. This deodorising 
effect, however, is only obtained if the hydrtigenation is carried out nearly to 
completion. 

Hardened fish oils must have their iodine value reduced lo under 50 if they 
are to yield a suitable washing soap, devoid of all smell of Hsh oil, 

Ccinscr^itcrLlIv, it is luA possihle ttj an <^i 1 by th^ prv>cv.s^ without hcircivning it, 50 ihiit 

I he i)r(ice!is ha't ItUU! v:ihic for thr leakcrji uT snH snnp and other HM^rs of niU. 

lE IS staled hardened whale nil may, after long ^Ectnding, develop 1 fishy hmell. In 
pmrticr, however^ the hardened uil!; are uf^ually hardened at the soap work^ and turned immedhitcly 
into !3Ciap, so ihnt no trouble from [liis eause usually ensij<:s. 

Whale Oil i& the chief oil suhjerted to hydrogenation, ihe w^prld’s .sujjply in igis amount in g to 
t«2oo,ouq liarnel-s (42,000 lon^h (Jfferdalil, Bef\ i£t'tf/y A. /'harm, O'r'f., 1913, 33,55®, who 

states that there is, a firtury in Norway capiihlc ol ^>ria]uci]ig 4,500 tons of H hy on electrolytic 
method, and i>l hardening 150 tons of wliak- oil per l^veidy-four hours^} 

Ifardetied whale oil uieU*! at 40/50' T,, is devoid of tade and smol!, and so itva valuable fal, 

(rf) Use of Hardened Oils for Edible Pu^oses-— Hardened cotton¬ 
seed oil and hardened whale oil are used edible purposes, and no doubt 
the use of hardened fats in this resE>oct will greatly increase in the future, 
Hfey form excellent frying fats, and are now used in increasing quantities in the 
manufacture of margarine* 

No difference between the digesLihilily of hardened fats as compared to that 
of natural fats has been fovindK Obviously, a hardened edible fat should melt 
below the temperature of the body in order to obviate indigestibility* 

Hardened oils are slated to have been used in the manufacture of chcxzoUte 
instead of the expensive cocoa-butter. 

Many mnnufarturers nf cflihlc product'; litlray great reluctance tn use haidmcd oih. This h 
porolmbly hstmled nn ihc tiatural caution which these \^h(j deal wiili such esscritial conimnditifs 
as fcajdsluflk must exhihit in mdertn Elioir t^puEaEiim. Ilow^xi-r, fo far as tn dellnitely 

known, nn ill tffccis have Wen definitely tracetl lo the nse of hartlencil t>ils. Owing to the high 
tetnperatuie at which such nils arc necessarily prepared it is quiie certain that any tracer of 
vitamines |uch as are always contained in natural fats must have been de^Eroyed. 

Consequently, a hardened fat shoutil never lie rised ahme, hnt shoiihl always cuiUaiD a oonsidet- 
able portion of a naluroJ tat. Tlie ohjqption that minute liaccs of nick eh salts found in the 
hardened fats ma^ act poiMmousl^ docs nut appear in have any weight in practice, 

Hardened fats differ from natural fal.s^in that they appear to k' more sa^i^Hed by allcalu;, 

Lcitndorfer {SrtyhixfAier 7 Jg,^ t9J3, 40, iji?) suggests that hardened " stearin is an alloiropic 
modification of the natural glyceride. 

(«) Use of Hardened Fats for Transport— In the shipment of liquid 
oils heavy losses are occasioned leakage and breakage* 

The soja-bean oil producers of Japan and Manchuria are stated Co be consider¬ 
ing the advisability of hardening the chI bdfore shipping abroad, since the hajd oil, 
being solid, will not leak through the casks, etc. 
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if). Other Uaei of Hardened Oils^— Hardened (kXs are now for 
lubrication purposes. In the tanning indusitry, stearin, produced by hydrogeruLtLon, 
has been employed instead of oleo-stearin. 


Principal Oils Hardened 

The principal oil hardened is whale oih Most fish oils are now hardened in 
order to increase their value. 

Increasing quantities of linseed, 'cotton^seed, soja-bean, and coco-nut and 
other oils are now hardened. 

CgcQ-ngt oil is hardened <(iUhi>ngh, naturally, a fairly hard suUtance), because its value and 
appeannee is thus jncteoiicd, and h lo^es Ihe cliaracterisdc smell cf cocti^nuts. 

It is statMl, howevtfr, that hardened coco nut oih if licpt for a long lime, sometimes develops 
the choiacteristic smell of the [urent oil. 

Nickel in Hardened Fats. —An oil hardened by a process which includes 
Ni as a catalyst, may contain 0-5-2 mg, Ni per kilo, and possibly deleterious 
effects might arise from the unlimited consumption of such oiL Normann 
and Hiigcl {ffaibfnofjatsschri/f Jur Margarinindmiric, 1913, VI,, No. 17) showed 
that this quantity of Ni is often contained in foodstuffs prepared in nickel vesseh:, 
which have had no injurious effects on persons who have consumed them. Feeding 
trials 'with commercially hardened oils containing from 0-07-6 mg. of nickel per 
kilo have been carried out without ill effects ensuing (see l^hmann, Chtm^ Ztit, 
»9I4*38> 

PimU hoa found IhaL nickel is fuund in fills i>nly in francs, and then ^tnly when the oib used 
contain consideTable HmounS mut 

Sesame nil with 2-5S per cent, odil a hardemd nil with 0.006 per runL nickel oxide 
{NJgOjlt A whale oil with o.bi per cent, free ucid rontained 0.0045 ^dckcl nxirlc in the hardened 
^1; with only □.£ per cent, free acid in the rprigiiud oil, no nickel could he delected in the 
hardened product, Jfower stales ncuLral oils do not take up nickel (^. Gtnmsnt,, 

1911, 1D4), 

Testing for Hardened Oils. —The only reliable test is the presence of 
nickel in the oils. 

To detect nick eh gm, of fat (Uill better 2 ^ lbs, [i kib] m where the amnu^t of 
nickel 11 very small) arc warmed haUun hour nn a water lialh, with au equal volume of concentrated 
hydrochloTic acid, sinking frequently; alter filtering through a mciistentd filter, the fiUmte is 
evamiatcd in u porcelain dish. 

The residue gives (Fortin, C/tan. ]46[ (1912)), when nickel ix ]iresent, on touching 

with a drop of i per cent, alcoholic dimethyl glyoxime solution, a led colniation, which ItecomeA 
more jironounced when ammonia siduticm is added. If the acid extract is ipiclf coloured, It must 
be bdJed with animal charcoal, and fiJtcrerh 

Kerr {/oum. M. and Eng, Chm,, *914, 207) uses 10-20 gm. of hardened fat, 
dissolves the ash in H(U, evaporates to dryness, and ignites to free from organic 
matter, transfers to a tall 50 cx, cylinder, and moistuns with a few c.c. of distilled 
water. .Then 50 c,c, of standard dimethyl glyoxime (5 gm, dissolved in 50 c,c, 
absolute alcohol, and made up to 100 c,c. with concentrated aqueous ammonia, and 
kept in well-stoppered bottle) are added. The presence of nickel is shown by a 
red colorSition or precipitate. I'he tint is conrtpared with that produced under 
same conditions with a nickel solution of knov^ strength. * 

• Edible fak must not contain more than 0*05 mg. of nickel per kilo. 

The introduction of hardened fats has rendered doubtful of interpretation many 
of the standard tests used for speciffc oils. 

The following points are of importance in this connection:— 

I, The Iodine Value .^This is the moat important vabc, as it rives the degree of hydrogeiiv 
tbn of the oih. *Foi methods t^fcanying our, Jteo under Analym 0/Oils. 

3.1 TTie distinctive aromatic alcohols, PhyhStir^i and tholtsUnl, are una^ttd hy K^regenati^n, 
40 thic after hydrotgenotion it is still posable Lo osccrtiiin whether an oU is of animat or vegetable 
(See under Oih.) l * 
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3. Most of the tests for individuAl oils are deilroyed^ becRUse the process of hjdroc^tion 
destroys tbe lUbstsnceB givicf rise to these tests. Thus the Baudeum TtJi for Seume (red 
oftlout wb^ oil U shaken with cold hydrochloric add and st4^Tl is lendeicd almost nsdess. The 
same applies to the Hajfiheu Ttit for C&tt&n-sHd Oil (orange-red coloration when oil is heated with 
an equu volume of amyi aloohU and carbon diKtilphidc (i : i)f the latter contaioing i per cent, free 
sulphar). The test is rendered more sensitive ir pyri^Unt is substituted for amyl atcoholi and a 
clom tube used for the test. (See Gastiiltijit CA^jn, ZtiUy [913, 2, 758.) 

4 Hardfined Fiah Oil* and Whale Oil are said to conJhin arachidic and hchenic adds— 
which are the diaractcrisiic adds of Arachu OiL Hence an oil adulterated with h^rogenated 
foh oils would lie difficult to distinguish from Arachis Oil by the Bdlier Test (fiaclitinating the lead 
salts of the fatty aeids by treating with 70 per cent, alcohol), 

5. The process of hydrogenation dues not affect to any great eatent the sapomfi alion tNiitte of 
nff oils thus trcate<h The ^ etyivaluej howeveit is usually iowercch owin^ to the splitting off of 
hydiosyl groups (Kurmann and Illlgel, Ctiem. ZeiL, 1913^ 37S15). Thus iL would be difficult to 
detect castor oil when fully hydrogenated by the saponification value ami acetyl value. 


Costs of Hardening Oils 

The following figures refer to the Costs of Hardening Oils by the process 
worlted by Norsk Hyderings Co. The figures are the working costs at the works 
of Cctiira A.G., Krischw'it/T Elbe, and refer to the pre-war conditions (1914). 


Actual Owt of Plant required for a Production of id^Ooo Toiob Hardcofid Fat 
per Annum—30D Working Days. 

The plant consists of an independent factory. The hydrogen is prodnoed by electrolysis. The 
necessary electric power (1^000 JC.W.) is generated at the factory liy means of steam tuibine^. 
The exhaust steam is used for iicating. 


fo) Complete power plant for 1^300 K.W.^ consisting of bnllcrt water 
purifier^ boiler feeding, turbo-genciators, condensen, rctarn coolers^ 
including buildings (120,0001 and chimney reofly for use - 
(i) Gimpletc hydrogen plant for imiducing i? 5 o cuU m. hydrogen and 
90 cuk m. oi£yged \kt hour with switcheSj gasomcier, oscygen com¬ 
pressor, .^nd all accessories, without flasks, ready for use, including 
buildings (So,ooo) ....... 

(0 Transport, emptying, hloring, and refining of the oils - 

(^0 Hardening ajipatatu^, complete, ready for UMi - " 

(r-) Buildings (excluding a and ^) - 

(/) Sundries (rails, elc.) ....... 


Aubtriii] Crowni. 
SJO,COO 


430,000 

150,000 

600,000 

220,000 

70,000 


2 , 000,000 

Requisitet for a Production of 16 ,odd Toob Hardened Fat tn 7,000 Working Houtb, or 
2.3 Tons Fat per Hour, according to the Actual RtaultB at Kriichwitz. 

'"Centra” 

Appi 150 H.R motor power. 

,, J5 men’s labour per shift for the luirdcning. 

,, 20 men's labour pci shift for the ordiniiry work. 

„ 180 cull. m. hydrofieti peif hour. 

,, 3,000 kg. steam per hoar (chiefly for distilled water, if conden.^ied water is not available). 

ij 150 kg. coal per htnir (for other purpuecs than power and fitcam). 


Kormal Factory. 

For 100 kg. hard fat the prime cost is as follows:— Ftanev. 

6.6 H.l\ hours at 4 cent. ....... 0.264 

1.5 working hours at 50 cent. ...... o.7SO 

J3okilos bteomat 4 cent, - - ... . 0.57O 

6.6 kilos coal at 25 cent. - ' - - , - 0.164 

• ^ ^ ^ 

* . * ^-7 

Wages (francs, 45,000 per animml - - - - o, 28 

Chemicals o.So 

Unforeseen 0.22 


t 3.0 

Exclusive of hydrogen, writing off, and interest. 

Profit, 100 per ^ent.—Un the basis'of whale* oil. If inferior qualities are used, (he profit 
will be less; but as tbe raw material is cheaper, the finished product is of lomewhat less vefoe, so 
tluU it comes to the same in the end. In calculating, the results will be the same. 
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Production— 16,000 tons hardened fat per anonin-- 7 ,ooo working hours. 
Cool —25 francs per Ion. 

Labour— 2,fXio n'ancs per annum. 

Plant — 2 , OCX), 000 francs, i , 440,000 francs, 1 , 040,000 franco. 


Cm/—¥ot steam, c^iicRy fur distilled watedT If no condensed 
water is availaK^c. For loo k|T, fat, 130 leg. steam 
arc necessary ~at>, 7 kg. coal—m ad, 3,300 tons at 
♦ 25 francs 

Cat/—F or healing, etc., other than fiowerand wteam. For 
100 kg. fal, 6.6 kg., or 66 kg. per ton—m all, 
t,o6o ttms at 25 frattes . , . - 

Chauitah —Ki. o.So ik*: 100 kg. . . - - 

—Hardening, 15 men jjer ^hift, 30 men at 
2,000 . - . - - 60,000 

Other work, 30 men at 2,000 - 60 000 


.Sii/rtrfVj—Office staff, etc* 
Uu/oirii-Lft - 


P*r Annum. 
Francs. 


82,500 


26,500 

128,000 


120,000 

45,000 

35 i™ 


5.20 


1.66 "" 
S .00 


7'30 

2.82 

2.20 


437,000 27.38 

Power— I'm molon., i5D!l.r., 7,ooo btnirs at 4 ccni.-i50x 

7,000 0.04 42,000 _ 2.62 


479,000 30*co 

Power—Fur idccirolysis, 5 K.W. hr. at 5,45 cent. |x.r cnh. m. 

II.,—S cMb. m. IL per 100 kg. fat—m fill, 5xo.0345>t 

8y\i6,oix) . . . . , 348,000 21.70 

827,000 51.70 

Writing off and inicrt-si, 15 pci ccni. un 2,000,000 ■ 300,000 18.80 

1,127,000 70.50 

Sdlitig Ettpenaea—3 \xt cent, of 16,000 francs - 3 pci cent. 

of 12,^.000 375,000 24.00 


1 , 502,000 94.50 


London Oil and Fat Prices in Shilhnga per TOO Kitos. 


Time. 

Lin- 

wx-d. 

Rn|)e 

Seed. 

Cuilim. 

Sf]ja. 

J'i>h. 

Ri/inus. 

Tallow. 

June 1913 

SS 

64 

06 

57 

34 

63 

73-90 

Novemlicr 

50 

66 

68 

57 

3S 

60 

74S6 

April 1914 

.S7 

71 

f>8 

57 

.19 

57 

73S1 

December 

SO 

69 

57 

49 

33 

58 

70-86 

August t9i5 

55 

79 

62 

446 

36 

86 

72-84 

September 

* 57 

77 , 

60 


36 

86 ' 

74-84 


324 ; 6 

426 : 6 

3S1 :6 

313:6 

'216:6 

4to: 6 

436+511 :6 


S4 


63-5 


1 36 

68.2 

73-83-6 





% 

1 


79 


will be Men that oils were in 1914, [915 to be had on the London market at 20-40 shiliings 
pet 100 kilns cheaper than Utc cheapest tdlow used fur technical purposes. ' 



CliAPTER X 


Varieties of Fats, I'atty Oils, and Waxes 




127 


CHAPTER X 

VARIETIES OF FATS, FATTY 
OILS, AND WAXES 

Classification 

For convenient description we divide the oils and fats under the headings: (i) 
Animal fats and oils, (2) Vegetable fats and oils, (3) Waxes. 

1. Animal Fats and Oils, These include Fish Oils —I’he oils derived 
from marine animals are characterised by their odours and, analytically, by a high 
Maumene, and iodine value. 

2* Vegetable Fats and Oils may be conveniently arranged, accordmg to 
their iodine values, into (a) Solid fats, (fi) Non drying oils, (f) Stml-drylng 
oils, (<0 Drying oils. 

No rigid line can be drawn between these classes, as they merge into each other. 
The iodine value affords a means of ascertaining roughly their constitution and 
gives a rough basis of classification, 'I'riolein has an iodine value of S6.a, and 
consequently if an oil al>sorbs more than 86,2 per cent, of iodine it probably 
contains the glyceride of an acid of the linolic or linolenic series. Now Unollc and 
linoienic acids and their glycerides readily absorb oxygen from the air—a property 
not possessed by oleic acid and triolein—and it is due to the presence of timinolin 
and trUinolenin that the drying oils owe their property of di^'ing by absorbing of 
oxygen on expjjsure to air. Since the iodine value of pur^ trilmolin is 173.6, oils 
having an iodine value of above 170 may be classified as drying oils; those 
having an iodine value of 90 or lower may be called non-drying oils; while 
oils having intermediate iodine values may be called semi-drying. In practice 
it ia found that oils with Iodine values above 140 have valuable drying properties; 
those with iodine values 100-140 are semi-drying, since they are able to absorb a 
certain quantity of oxygen, but will not dry completely when exposed to the air in 
a thin layer. Oils with Iodine values less than 100 are practically without drying 
value. 

The Fish oils form an exception to this rule; some of them have iodine values 
os high as that of linseed oil and absorb large quantities of oxygen; yet they do not 
usually dry to a hard layer. Their unsaturated acids are of a different constitution 
from linolic and linolenic acids, 

3. The Solid Waxes of Animal and Vegetable Origin, and the liquid 

waxes (sperm ^il, bottlenose oil) anj characterised by their high content of higher 
alcohols {uiisa|x)nifiable matter), ► They do not t^onuin ‘glycerol 'They are there¬ 
fore treated as a separate class under the title of Waxes (see p. 139). 

Varieties of Animal Fats and Fatly Oils 

Tallow, the solid fat of oxen and sheep, consists of tristearin, ^ripalmitin, and 
40-46 per cent, triolein.* Mutton tallow,melts, 45''-55*; oxen tallow, 45*-5o“ C.; 

' l^eoeni researches have shown the presence of mixed glycerides. 
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solid point, 40*>47* ; Seichert value, 0.25 ; Hehner value, 96 •, iodine value, 35-46 ; 
saponification value, 193-198 j sp. gr. 0.S6 at ioa°, 0.94-0,95 at 15'. Melting point 
of fatly acids, 38*-49' C.; solid point, 3S‘’-4g°. 

Taltow Oil.— Very similar constants to lard oil ; iod.'val. = 32.57; Maumen6, 

4 l*- 44 * C. , 

Lard h the rendered fatcif pigs, American lard often contains cotton-seed 
oil and talloWn M,P, 30''-49''; sol, pt, \ sap. val 195-197 ; iod* val 50-77; 

Hehner val, 95-98; sp. gr. (100'' C.) 0.860-0.8^, The separated fatty acids have 
sol. pt. 34“-4a“; mpl. wt. 278; iod. val. 64; refract, indeM^ 1.439 (^ 5 ^^ C.). ^ 

Lard Oit Oleo OlL-^-Acid val. 0.4; sap, val. 193; Hehner val. 97.4; Reichert- 
Meissl val. o.4'0.9; iod. val. 53-88, Insol fatty acids have sap. val. = 206. 

Goose Fat.—M.P, as'’-34°; sol. pt, i8“-ao''; sap. val. 184-198; tod. vaL 60-72; 
Reichert-Meissl val o,2-o,3; Hehner val 92-96; sp, gr. 0.91-0.93. 

Butter Fat is described under Butter. 

Bone Fat, from fresh bones.—M.P. sol pt. C,; sapi val 

190-195 ; iod. val. 46-56 ; sp, gr. 0.914-0,916 at 15'’ C. Mixed fatty atlds, M.P. 
30''; sol. pt. 28“; neut. val. 200; lod. val. 56-58. Fat extracted from old bones 
by benzine is dark, smells unpleasantly, contains calcium soap (derived from 
minerd matter of bones) and free fatty adds. Used for soap maiing, 

Sheep’s-foot Oil, Horse foot Oil, and Neat^s foot Oil are yellowish 
oils valuable for lubricating (since they do nut easily become rancid), obtained by 
boiling the feet of cattle with water.—Sp. gr. 0,91^.92 at 15’ C.; sap. val 194-197; 
iod. val 73-75 : Maumene test, 38'' so'' C. Mixed fatty adds, sol. pi 2o"-a6‘ C. j 
iod. val 66-76; neut. val. 200206. 

Horse Fat, yellowish, often becomes rancid.—Sp. gr. 0.90-0.93 at 15* C.; 
0.79-80 at 100“ C.; M.r. 4 o“-5o''; sol, pt. 22‘'-4S*; iod. val 75-85; Reichert 
val 0.33 ; Hehner val. 95, Mixed fatty acids, M,P. 36^4 i"*; sol, pi 3o‘’-33‘'; iod. 
val. 74-84, 

Fish Oils are usually fluid, containing glycerides of oleic, stearic, physetolic 
acids, and other unsaturated acids. Unless of the best medicinal t^ualities th£se 
oils are dark, evilsmelling fluids in consequence of small quantities of decomposi¬ 
tion products of decaying fish (trimethykmine).—Sp. gr, 0,92-0.93; sap. val 170- 
20o; iod. val. too-iio; Reichert val. i.s-a.a; Hehner val. 95; M au men e's test, 
ioo'’-i 28“ C. Mixed fatty acids, sol pt. 

Fish oils are now used both in the ordinary and in the enamel leather trade with 
excellent results; and the enamel leather produced, whilst not quite so glossy as 
when linseed oiljs used, is said to be more flexible and less liable to crack; also 
for soap-making, and in the manufacture of printing ink. 

When cooled, fish oils often deposit solid mosses of Fish Stearin (fish 
tallow). 

Sod Oil (E>^gras) is the waste oil obtained in the process of chamoising 
leather. The leather is soaked in fish oils and then exposed to the air. dxidalive 
and fermentative .processes set in which convert the contained oil intqsodoil The 
oil is extracted from the leather by means of sod.’uni carbonate solution, and then 
separated from the emuTsion it thus forms by the addition of dilute sulphuric acid. 

similar pr^uct is obtained by blowing air through fish oils heated to 120'' C. 
Sod oil consists principally of unchanged fish oil, owing its valuable properties to 
the presence of a resinous acid, “d^gras former/’ of unknown constitution, soluble 
in alkalis, insoluble in ^jetroleum ether; it is this'substance which makes sod oil 
so suitable for oiling dressed leather,— Sp. gr. 0.92-0.98 at 15“ C.; refract, index, 
I.475-J.478; acid vdl. 8-28; sap. val iB(M 90 (from shark-liver oil Only, 143); acetyl 
val 23-48; iod. val 70-100. ' - 
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Varieties of Vegetable Fats and Oils 

(fl) Solid Vegetable Fats M.P, above 30* C.) 

Cacao Butter is expressed from cajcao beans in the process of workit^ them 
into cacao.—M.P, 30’-34’^ sap. valj 192-^00; iod. val, 34-37; Reichert-Meissl val. 
0.S3; refract, index (60“ C), 1.45. Hp. gr. o.96-q.97 at 15*, 0.85-0.86 at 100*. 
The insol. acids have M.P. 48"-53“; neut. val. 190 ; iod. val. 32-39 i refract, index, 
1,^2 {60^ C.), 

The main use of cucho butler is foi making chocolates. It has also a considerable value as a* 
I'jHnciic fface pomade), auJ large quantities are used by pharmacctiiical chemisti as a media for ctm* 
veying drugs, etc., inlo llie skin. In certain diseases o( the nose, female genital organs, etc., solid 
blocks of cacao butter impregnated with antiseptics are introduced as a convenient irethod of 
tieatiryg the affected parts. 

The author, in oonjonction with Mr J. W. Brizell, worked out (English Patent, 123,231, 1918) 
a method of deodorising cacau butter (1918). They discovered that the flavouring and scenty matter 
is volatile, and by heating the sulistnnce to 140* C. and blowing steam through for a few minutes 
both the yellow colour and teste can be removed and a pure white fat is left, t^imply heating or 
passing an indifferent gas through has the same effect. 

butter is also an eacellenl fat for cooking, os the author showed (see his pamphlet, “Cocoa 
Butter for Cooking Purposes,’^ published by the Ca-[jpcrative Wholesale Society, Lid., Stationery 
Ifepartment, Manchester), tor oriiiniry domestic cooking half quantities of fat should be used, 
compaied to the quantity of lard ordinarily used for cooking. Full details of use are given in above 
pamphlet. 

Chocolate Fats.—Tho best substituteF for cacao butter are made by express¬ 
ing, at a temperature slightly over the normal atmospheric temijeralurci the solid 
fats which crystallise out fn>m palm-mit and coco nut oils. Small quantities 
of animal fats are sometimes added to raise their melting points, these, however, 
sometmies impiiri an unpleasant taste, and it is better to use for the purpose 
vegetable fats such as those from margosa or inowra oil. Sap. val. 242^254; iod. 
val. 6-10 : M.l^ 25''-3 o'' ; Heichert-Meissl, 3.5'S.o. Hardened oils arc also used. 

NutmOR Butter is obtained from the seeds of Myrisfka officinalis ^—gn 
0.94-99 at 15'", 0.S890 at 100°; M.P, 38^-50" C; add val. 22; sap. val. 156; 
iod. val. 40-80. 

Chinese Vegetable Tallow is the hard fat which coats the seeds of the 
Chinese tallow tree.—M.P. 44"-53'’ C, ; sap. val. 200 \ iod. val, 32. 

J3.pan Tallow is a similar fat which surrounds the berries of certain sumach 
trees which flourish in China and Japan \ rich in [jolniitin.—M.P. So“'53‘'; sap. val. 
220; iod, val. 4-15. 

Palm Oil, obtained in very large quantities from the fleshy jiarls of ihc fruit 
of certain palm trees, is a fat leaving a sweetish taste and an odour resembling that 
of violets, which [lersists even afltT bleaching ivith air al high t«mt>eraLures, and after 
making into soap. It consists principally of tripalmitin, triolem, and free fatty 
acids; the proportion of the latter is sometimes very lar^e in commercial specimens 
owing to a process of enxyme hydrolysis which goes on in the shipped oil.—Sp. gr. 
0.92 at is” C., 0.85 at 100“ C.; sol. jit. 3i“'38'’; M.P. 2^-42^ C.; sap. val. 202 \ 
iod. val. 51-5 7 j Reichert-Mcissl val. 0.9; Hehncr vaf 95 j refract, index (60*' C.), 
1.451. *Insol, fatty acids have sol. pt. 36* 45^; M.P. 47"-5o“ ; neuL val 204-206; 
iod. val 53. For manufacture see p. 58. 

Palm-kcmel Oil, Palm-nut Oil is obtained from kernels of the palm 
tree fruit, and contains much lauric acid. It is easily saponified by cold concen¬ 
trated caustic soda solution.—Sp. gr. o.oi at pi*, 0.S7 at 100* C.; sol. pt. 23*^0. j. 
M.P* 23**30“ C.; sap. val. 250 \ iod. val lo-i 7; Reichert-Meissl val 5-7 ; Hchner 
val 251-265; iod. val 12. For manufacture sec p. 58, and fof merchantable 
stand^sseep. 196 * 

Coco-uut Qil is the fat obtained frcAn the kernels of.the coco-npt. .The 
fleshy part outlie kernel, called copra, contains a large amount of fat, which dbnsists 

9 
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of glycerides of lauric^ myristic, palmitic, and other acids, some of them volatile. 
The fat, like palm-kernel oil, is easily saponifiable in the cold by coaoentrated 
caustic soda solution. I^argely used for soap and margarine manufacture. For 
the tatter purpose it is deodorised (i) hy washing with ^cohol, or (a) by treating 
with superheated steam (see pp, 79,89).—Sp. gr- 0.93 at 15*, o.$6-o.9a at 100’ C.; 
sol. pt. i 6“-23“ C. ; M,R 23''-26'’; sap. va!* 250^260 \ iod. val. 8-9 j Reichert-Meissj 
vat* 7.8; refract, index, 1.43 ((jo^ The fatty acids have soh pt. 2o'-25'; neut* 
val. 258 ; iod. vaL 8 9. For manufacture see p. 59, and for merchantable standards 
see p- 196, 

Mahwa Butter, Mohwrah Butter, Mbhrah seed Oil (from Fascia laii- 
Jolivi). —M*P. ; acid val 5-71; sap. vaL 1S7-194 ; Hehner val 95; ReichtlTT^ 

Meissi val. 0.4-1.o; iod. val 50-68. Insol. fatty acids, sap. val 206. 

Mowrah-seed Oil (from Basm val 196-202 j iod. val 50. 

Myrtle Wax- “Add val 3; sap. vai- 205-212 ; iod. val 1,9-4. Fatty acids 
have'neut. val 230. 

Shea Butter, Bambuk Butter, Karit^ Oil' from the seeds of Bassia Parki 
(West Africa and Soudan),—Sp. gr. £>.85-0.92 {15'' C.)j M.R 25“-28" C.; sol pi 
i7'-iS‘; sap. val. 171-192 ; iod. val S<>59- 

{ff) Liquid Veget.aei.i Non-Dkyimg Oii.s. 

These do ncjt absorb oxygen from the air, nor do they dry up. Iodine value 
usually under too. 

Olive Oil, much valued as an edible oil (salad oil), is obtained from the fruit 
of the olive tree. I'he cold pressed oil is tlie best; the second pressing, or the 
oil extracted by carbon disul[>hide, is used for soai>-niaking; consists of 70 per cent, 
triolein, 28 per cent, tripalmilin and tristearin, and a little linolein.—Sp. gr. 
0.914-0.918; sol pt. 2^4''C.; sap. val 190-195; iod. val 79-93; l^cichert-Meissl 
val 0.6; Hehner val 95 ; Mauinene test, 41'"-47* C.; refract, index, 1,47 (15' C.); 
viscosity, 312 secs, at 21* C. The fatty acids have sol. pt, r7''-26‘'; neut. val. 193; 
iod. val. 86-go. For manufacture see p. 57. 

Olivc-kemel Oil—Acid vai. 2-3.5 J 182-188; iod. val 79-8S. 

Almond Oil, obtained from bitter and sweet almonds, is very similar^to 
Peach-kernel Oil, Plum-kernel Oil, etc.—Kap. val 190 x95; iod. val 93-100. 

Arachis OU (Pea^nut, Earth-nut, Ground nut) is an edible oil obtained 
from the seeds of Arachh hypo^i^a. It contains arachidic acid as a glyceride.— 
Sapi val 190-196; iod. val 90-103; Reichert-Mcissl val 0.5;'Maumene, 45‘''75*; 
viscosity, 300-430 secs, at 2^ C : refract, index (15'’ C), 1.147. The insol fatty 
acids have sol pt. 23*-28*; ncut. val 202; iod val 96-105. For standards of 
merchantable value see p. 196. 

Croton Oil —Sap, val 210-215; Rcichert-Meissl val 12-14.; acetyl val 
3S-41; iod. val toi-109; sol pU 7^ C. Fatty acids have neut. val. 201 and iod. 
val iM-iii, 

Grapeseed Oil—Acid val j 6; sap. val. 178-179; Reichert-Meissl^^al 0.46- 
a.o; iod. yal, 94-97. Fatty acids have neul val 1S7 and iod. val 98-100. 

Castor Oil, obtained principally from the'seeds of Bidfuis ccif^Hunis^ consists 
mainly of the glyceride of rcinoleic, Isoricinbleic, and dihydroxystearic acid, 
together with a little tristearin. It is a very viscous oil, miscible with absolute 
alcohol and glacial acetic acid in every proportion, and much used as a medicine 
and lubricant, but also for manufacturing Turkey red oils (which see).—Sp, gr. 
0*9600.966 (15' C); sol pL -to'" to -12^ C-; sap. val 176-183; iod. val. 
83-S6; refract.' index, 1.480 (i^“ C.); viscosityj^ 1,160 secs* at 37“ C.; Reichert- 
Meis$l val i.r* Mixed fatty acids, M*P. 13^ C.; Maumene, 47. ,, For manufacture^ 

p* 561 and for merchantablie standards see.p. 196* 
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Blown 'Oils, Oxidised Oils, Sdablc Csstor Oils.—Wl^cn semi-drying vegetable oils, 
blubber ails, and liquid waxea are placed in a vessel provided with a steam heating coil, and 
warmed from C, while a current of air is blown through, the oils oiidise to viscid, 

dense fluids which ate miscible with mineral oils. They form valuatdc lubiicaling oils, approaching 
castor oil in mechanica] nroper^es; since castor oil is insolubit: in mineral oils (and 50 cannot be 
mixed with them), such oils are known commercially as Soluble CtUtor OUa.” 

Turkey Rod Oils, Sulpbauxted Oils ^e viscous, transparent lU^uids used in the j^reparatton 
of cotton hbre for dyeing and ^iiinting Turkey reel. Ck^ncentta^cd sulphuric acid is slowly run, 
with constant stirring, into castor oil, the temperature being kept below C. during the whole 
course of the reaction. The jiroducL is washed with water, scttlcil, the lower layer drawn off and 
washed with a solution of Glauhcr\ salt until only slightly acid ; finally iiitimonia dt soda is added 
until the sample will give a complete emulsion'with water. Turkey red oil F. is completely soluble 
Turkey red oil S. is only partially soluble in wuer. 

Nittftted Oils are heavy, viscid liquidi^ obtained ]>y treating castor (or litihccd) oil with a 
mixture of 2 parts of concentrated sulphuric add and i part c>r concentrated niiiic acid (sp. gr, 1.3)^ 
They form homogeneous mixtures with nitro-cellulose. Thus a product resembling ch^ite is 
obtained hy mixing t ]iaTt of nltraie^l castor oil with 9 parts of nilro-cclLulose. l^issolved in 
acetone, these nitratcil oils form vamiiiliLS which are capable of enamelling leather and mixing 
puinu 

Bone Tar^or Booic Oil is the dark'evil-smelling liquid fornied during the dry distillation of 
bones in the preparation of bone hlack (aniitml thurcnal). It contains mQsi<lcTahlc amounts of 
pyridine and c^uinoline, their homologucs and other Iascv These compounds may he extracted 
from it by the UbC of sulphuric acid. For details sec Martin’s Industrial Chemistry: Oigamc,'* 
p. 420. 

(r) Semi-DrYJN<; Vegetaule Oils* ^ 

These absorb oxygen frt>m the air and become thick, without, however, com¬ 
pletely drying up. Ic^ine value from 95-140. 

Cotton^seed Oil is [produced on an enormous scale in North America from 
the seediijuf the varioiiK sorts of cotton trees \ 17,000 tons, of value ;£^58o,ooo,Verc 
imported into Britain in lyro. It consists of glycerides of palmitic, oleicj and 
various unsaturated and hydroxy acids which cause the oil to somewhat ra[)idly 
oxidise at ordinary temperatures. It is, tl^erefore, a weak drying oil. When cooled 
it deposits a large amount of cotton-seed stearin. Used as an edible oil, for 
adulterating lard, in the manufacture of margarine, soap, and lubricants.—Sp. gr, 
(15® C.) 0.973-0.930; soL pu 3'-4" C. ; sap, val, jgi-ig^ ; iod. val. 105; refract, 
index, 1.478 (15*" C.); Maumene, Tatly acids have M,P. 35\^8'’; neut. 

val. 201-30S; iod. vaL 110-1x5, manufacture .see p. 55, and for standards of 
qualify see. p. 196. 

Test for Cotton-seed Oil.—Ui'^snlvc 5 c.c. of the hiUy acids from the ui 1 in 2 r,c. ulciihol in a 
test tube. 1 [«ai in boiling nn water bmh ; add 2 r,r, uf aN.AgNO,! snlulinn ; an immediate blitck 
colour showiv presence of col Ion-seed nil. Five jier cciil. of cotton-seed nil ran be detected in rape 
or olive oil by this tcht. « 

Rape or Colza Oil, Sweet Oil, obtained from the seeds of A'vusska 
^atnpesfriSy contains considerable quantities of rapic acid, Cj-H^j.OM,CQOH, and 
other unsaturated oxy-acids. Being c:heap, it h much used for lubricating and 
edible purposes. 'I'he pure oil on exposure to air remains fluid for some days, but 
long exposure ca.uses it to thicken suinewhal f.nd become rancid. If adulterated 
witli drying oils it rapidly turns into a jelly like mass, or even becomes solid.—^ 
Sp. gr. 0.914-0.918 ; sap, val. 170-178; iod, val, 94-107; Hehner val. 95 ; Reichert-- 
Meissl val. i c.c. j viscosity, 330-380 secs, at 21“' C,, 91-94 secs, at 60" C.; Maumene 
test, 60“ C, The elaidin test is here'very useful for detecting presence of drying oils 
in rape oil. Thc^fatty acids have sol. pt. 13”'! 8" ; neut.'valj rS5 j ioU, val. 96104. 
See also p. Gi, and for merchantabli?standards see p, 196, . " • 

Sesam^ Oil, obtained from the seeds of the sesame plant, Sesamim indicum 
and (frteniakf is a valuable edible oil consisting of a mixture of the glycerides of' 
stearic, palmitic, oleic, and linolic acids. To detect the presence of the oil, dissolve 
0.1 g, sugar in 10 c.c, HCl (sp. gr. 1.49); add 20 c.c. of oil; shake and allow to stand: 
crimson colour in the aqueous filtrate shows presence of sesame oil.—Sp^ gr. (15" C.), 
0.914-0,916; sap. vftl. 18S-195; sol, -5" C,‘i iod. val. 103-112-; Maument^ 

72' C.; Reicheri-Meissl, 0,7 c.c. For iperchantable standards'see pp. 196, 197.* 
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Sunllowerseed Oil* —Acid val. 0.2-6; sap. val. 190-193; iod> val/ tj8-i36; 
Maumene, 67^-75° C Fatty acids have sap. val 301 and iod. val. 134T134. Sec 
p* 61. 

Maizt Oil> Corn Oil. —Obtained from germs, of the maize plant, Zta 
Mays^ The germs are a by-product in glucose and starch works using maize 
as their raw material. Acid vaL 2-20; suf. val. 187-190; Hehner val. S8-94; 
Reichert-Meissl val. 0.3-104 i(;d. val. ii3-[2g. Fatty acids have neuL val. 300 
and iod. val. 131-137. standards of merchantable quality see p. 196. 

Pumpkin-seed Oil has acid val. 3.5-19 ^ sap. val 188-795; ied. val. 104-130. 

Biack Mustard Oil has acitfval. 5-8; sap. val 173-775 ; iod. val. — 

White Mustard Oil has acid val 5-6 ; sap. val 170-171; iod. val 93-96. 

Soya Bean Oil, from the seeds of Doiichos Soja, L., S(ija hispida, Soja japonica, 
etc., plants indigenous to Manchuria, Japan, China. The seed contains 18 jier cent, 
oil and 30-4° P^^r cent, protein, and yields 13 per cent, oil The expressed meal 
is made into bean-cakes; the soya bean industry being one of the most important 
of Manchuria and japan, 1,500,000 tons of oil being exported in igti. The oil 
consists of glycerides of oleic and lino lie acids, dries on standing to a thin skin, 
and is used for edible and illuminating purposes in the Far Ea.st; iv^w used as a paint 
and linoleum oil See Toch,yii»r. ^oc. Cfum. Ind., 31, 572 ( 1972 ).— Sp, gr. 0.934 i 
sap. val 190-193; iod. val. 121-134 ; Maumenc^ 59 J sol pt. +8“-i5'' C. The 
fatty acids have a M.P. 37''-39’; sol. pt. 25''; iod. val. 115-733. SeealstJ p. 61, and 
for standards of merchantable value see p. 196. 

(rf) Dr VINO Vegktabt.k Oii.s. 

These absorb oxygen from the air and dry up to a hard skin. They have an 
iodine value usually over 140. 

Hemp-seed Oil has a wip. val 190-195 and an iod. val T40 16ft; Maumenc, 
95*-98'. Separated fatly acids have a sol. pt. i4“-i6“; iod. val 133-140. 

Candle-nut Oil has a sap. val 184-193 and an iod. val 136-163. 

Niger-Seed Oil has a sap. val. 189-192 and an iod, val. 136-134. 

More important than these arc the following :— 

Poppy^seed Oil, a pale yellowisji oil obtained by pressing from seeds of the 
poppy, is used as a salad oil and for making artists* paints: a good drying oil— 
Sp.gr, {15* C.) 0.92-0.97; sap. val. 192-197; iod. val. 137-143; Rdcbcrt-Meissl 
val 0.0; liehner val. 95; Maumcnc test, 88'" C.; refract. ,index, 1.477 (15* C.). 
Fatty ai'ids have sol. jjt. 16.5; neiit. val. 199; iod. val 139; refract, index, T.451 
(15-5* C,), The difTorentiation of iKippy oil from walnut oil —in the examina¬ 
tion of white paints—is achieved n\ost readily by the lioxabromide test (which see); 
walnut oil yields 1.4-3 per cent, of hexabrommated gly<x;rides, poppy-seed oil none 
See p. 61. 

Walnut Oil, a very good but exjiensive drying oil obtained from the seeds of 
the common walnut tree', being almost colourless, it is used for making the best 
white paints for artists, such paints being less liable to crack than thosermade from 
linseed X)il. For distinction from poppy-seed* oil see the latter. It is frequently 
grossly adulterated with mineral oil—Sp. gf. 0.925-7 (15* C); sap. val 193-198; 
Jod. val 143-751 1 Maumene lest, 96“-! 10“ C.*; Reichett-Meissl val 0.0; Hehner 
vaJ. 95. Fatty acids solidify at j6’ C., and have iod. vaJ. 150. 

Tun^ Oil, Chinese V^ood Oil, Wood Oil, a very important drying oil, 
possessing a characteristic odour and an even more pronounced drying power than 
linseed oil (giving, however, a wax-Hkt, mn-tlmiic product which renders it quite 
unless for ^inls in its ordinary condition), ^nd when heated alone in absence of 
to 180^-250’ Cj it polymerises* to a solid moss. It ist^d to be used for 
ad^terating Chinese lacquers, and has bean used in a solidifi^ form for linoleum 
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mnufaoture (see p. 136). In 190G, 28^685 tons were exported from HankoWf 
while the home consumption in China may amount to Go,000 tons. It is obtained 
from the seeds of Ai^ritti cordaia and other trees growing in China, Japan, 
'ronkin, Annain, etc. It’^ionsisia princiiially of glycerides of dtU and flaomttrgarie 
adds. —S]). gn 0-94; sap. val. 190*195; iod. val. 149-167; MaumeneS Joo*-37^^ 
Separated fatty acids have soL pt. 31^-37'; neut. vah 189; iod. vaL 145-160. 

LINSEED OIL AND PRODUCTS DERIVED THEREFROM 

^ Linseed Oil, a yeliowish-brown fluid froim tlie seeds of the flax plant, Idmm 
usilaiissimum^ is largely used for i>aint, varnish, oil-cloth, linoleum, and soft soap 
manufacture, "['he oil is principally composed of glycerides*of unsaturated acids 
like iaolinolenic acid (58 ])er cent.), linolenic acid (13 per cent), Unolic add (13 
l>er cent.), oldc acid (4 per cent.). The oil rapidly absorb.^ atmospheric oxygen, 
with formation of a tough resinous mass, and hence is a “drying oil.” This 
drying property is increased by healing to t8o' C. or by the addition of metallic' 
salts—“driers”; 38,000 tons, value imported into England in 

1910. For manufacture of linseed oil sec p. 53. 

Constants of Linseed Oil.— Sp. gr. (15* C.) 0.93*0,94; sap. val. 190* 195^ 
iod. val I73'i93; Kdchert-Meissl val. 0.00; Hehner val 95 ; Maumcne test, 103* 
145“ C.; rffmet. index (15" C.), 1*4835 ; viscosity (21" C.), 212 secs. Pash-point, 
about 243* C. (470'' R). Mixed fatty acids solidify at 13''-!7^" C.; meh at 
I7''24“ C .; neut. val 196-199 ; and iod. val 179-200. For quality tests see p, 196. 

To test ihe drying praperlie'i linseed oil, STiiear n files'" with ihc sani]> 1 e and cipOi^e in 
thi! w^ter ttven Note how long it Uikcs To dry, td'm the nature of the resiiluiiin ; compare with a 
standard sample treated iii ilie sime mairncr. 

To find pE»ience of diitrs incinerate 50 g. in a laigo ^>orcclam crucihle and analyie residue for 
metals. 

T<J find whether suilahle fm linoleuni -inn king heal scjmc in a cooper iiftsin to afio* stirring 
and blowing air through the inas^. Uense fumes are evolved, and afler a time it becomes thicker. 
A si>ecimen is drawn out and cfKiled. It shoukl Ijc *' stringy,*' f.e.^ capable of lieing drawn out into 
threaiK t'ompare wiih a standard sample of oil liealed snmlarly, AduUeratinu with mineral oils 
lowers ilu' sapmifiealion value. 

The Chemistry of the Driers.^-- The chemical changes taking place when 
linsasd oil “ dries ” or “ sets arc very complex, and, although they have been care¬ 
fully studied by numerous different investigators, f)ur knowledge of the same is 
very indefinite and unsatisfactory. We do know, however, that it i.s the result of 
OKidation, for the oil may bo stoa^d unchanged for an indefinite time in 
or in the iiresence of un inert gas such as nitrogen. AVhen oxygen can gain access 
to the oil, an increase in weight becomes apparent, and an elastic solid called 
“ Hnoxyn ” is produced, resulting in the “ drying of the oil The term “ drying,” 
however, is misleading, for it implies that water has evaporated, leaving a solid 
residue—which is not the cast^. 

We are not lo sujjpose that linoxyti is a single substance, or that it is produced 
by the mere addition of oxygen to the linseed oil molecule. During Che process 
of drying, not only is oxygen absorbed, but fornialdehydit, and carbonic and formic 
acids arc jimultancously lil>erated, showing tbajl very complex reactions are taking 
place. 

Itbasbnm kn^>ftii fiir many ^ejirs that certain dan nrr^lcrate tht M-tling nf linseed 

oj], and they are theiufittc known as flritt,!.” Tin; actual way in which ihcsc bndfe^ct iSiibNCure. 
Owing lo The fact that some of the most common driers were highly oxygenaicd bodies, likb 
manganese dioxide (MnQy) and red lead a very ['' .Msible theory was advanced, according 

to which the driers thcmEcLvc^ gave up to the oil inc nccebsaiy oxygen to induce setting. Wheii,' 
however, quuntiiatWeitperiniems were performed, and provctl that a ion of linseed oil can absorb 
from 3-5 cwt. of oxygen,t wheri'as onl)^ about 5 tlis. of tlrier are added to the saute weight of 

* Fora moredelatl(‘d discussion of lhe,action of dsiers on linseetl oil the reader is referred to 
“An Introduction lojliae ("hemisiry of l^ni?,'^ liy J/NewUm Friend (Longmans 41 : ( 7 o., 19ft)), ^ 

t This is baserkon the fact that during Ih^ process uf eieiiing, linseed oil has l»een ol^erv^ to 
absorb from 15* 18 per-cent, by weight of oxygen gas. 




134 


OILS, FATS, AND IVANFS 


oil, it waR evident that such ^ theory was, to say the least, very incomplete- This led to the enuncit^ 
tion of the sO'Caited catalytic theory cjf driers/’ accoicliog to which the driers act as caulyscrs^ 
that is to say, they assist the oil U> take vtp oxygen without thetnseiTen under^going a pennanent 
alteration. The exact way in which this is done is Lncertain, bat it is usuaily siAunied that when 
5US|)eitded in the oil or paint they unite with the atuio*ipheric oxygen to i^ra unstable^ highly 
oxygenated bodies, which }ian<l over ihcli excijss of oxygen to the oil almost Immediately, l^ing 
1 hemselveb reduced lo their original condilionn Thur are now in a position to unite with more 
oxygen, Jind to yield that up aguri in a preeiveiy similar manner to the oil. And so the process 
goc^ on indehnilely until the oil hai set. 

The two ma|n facts that may ht cital in lavonr o[ tliis theory arc jis follows 

I. A amall ijuantily of drier is able to effect the rapid o\idati[jn of a large ainoum uf oil. 

3. Tile liest driers are tlic osicle^ or %iilts of tiuise metals wluch are known to exist in va rious, 
stages of uxiriaiinn, mid to he readily osiilised to, oi rc<luce<] from one slate Id another. ThaS} iflT 
example, ntanginesc, lead, and itiTn, from whirh the bulk of the liest driers are prepared, each yield 
a st-rics of well'defined oxides containing varying jiroporlions of oxygen. 

Ill the at:compajiying table * a li.st is {jiven of the common driers, together with 
Ihe percentage of metal usually found in them. 'The theoretical percentage of metal 
cannot always be given, as the comptJKition of Ih^ finished product varies according 
to circumstances, the amount of water of crystallisation in particular being dependent 
upon the temperature at which the sall.s are ])reparcd. 


Tai’-le or 
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—. -- 
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Vcl Low ]tl 1 >WlL 


\ 15,6 

„ „ (pr 1 td.) 

^langnne^f liorale 

Light li]owri 


Pinkbh 


; 7 - 8 - 23 -t! 

' curbonalo - 

Full - 


3K.843.6 
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1 
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1 

11 1 

: ,, sui^dulc (anhydnm^) ' 

J'inkixb- 

] 

5.0-6,1 

i 

Piiikihli- 

i 3lj-4 


As is evident from the above table, a considerable variety of substances arc 
placed under the category of driers. In the case of the metallic salts the efficiency 
is mfluenced to a slight eStent by the nature of the acids with which the metal is 
combined. If this latter is favourable to the catalytic action, the drief'is slightly 
more powerful.than might ptherwise be expected. This is true of rosinic acid, and 
metallic rtisinates have of late found great favour amongst painters generally. They 
may be prey^red by fusing together rosin and a meUilUc tjxidc, a product free from 
moisture being obtained, and known as a “fused’' drier. “Precipitated*^ driers, 
as their name implies, are obtained by mixing solutions of alkaline rosinates with 
a soluble metallic salt, whereby the drier is precipitated. Such driers always 
contain a considerable quantity of moisture, aup to, say, 6 per cent,, and are 

■^^Thix Uble is taken from Friend^s “Introduction to the Cl^emtstty Painto/’ p. 155, the 
datudinving licen cnlculu^d from the results given by T. A. Davidson in mS entiilcd “ The 
/ AccIde^ of Driers on Linseed Oil/’ read before the Pfintund Vurnisb SocielyJ 12m November 1908. 
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thereby readily distinguifihcd from fused driers. Other organic salts, such as the 
oleates and linoleatea of lead and manganese, are also very efficient driers. 
Lewkowitsch has recently prepared tungates of these metals from the fatty acids 
of tung oil. ' > 

Since these organic compounds are readily soluble in turpentine and linseed oil, 
they are known as “soluble*' drien^. Solutions in either or both of these solvents 
are termed “ liquid driers or terebines. ' 

ll dcjes not always follow, however, that the nuisl powerful cirier^ are necessarily the best for 
all work ; other properties slinuld l>e Laheii into consideration. Kor EKam|de, ieod acetate is well 
known 111 Ik weaker than red lead and litharge, nevertJ^cless it imed extensively in the manufacture 
'/^Leni driers liecau&e it doe^ not darken the oil so much—a point of considerable imiKurtance 
when white and light-oohaued pigments are being U!>ed. Ferrous sulphate should lie used with care 
jis it tends to render the film of oil brittle. 

Now, according to the catalytic theory, chemically Inert substances cannot lie expected to 
function drieni. Nevertheless Hurst * found one “ patent"’ drier to contain more than half its 
weight tif calcium sulphate, whilst another containcrl 77 jier cent, of barium sulphate (barytes) and 
silica. It would lie unwise, with our present hruiteii knowleilge, to assume that chemically inert 
IxHiies are necessarily useless as driers, for it may well happen tJiat the iniroductiun of fine particles 
of solid into the nil can assist in some physical manner the ahs<irp(ion of ouygen, just as wc know 
fine powders mn greatly accelerate the oxiiktion of coudmstihle gases. At prehent the only method 
of determining whether or not a dner is of any value is to tesi ii ex^vriuientully in some such 
manner that indicated'below. 

Turpentine is not infrequently regarded as a drier, but the researches of 
W. N, Hanley would socm to indicate that such is not the cn.se in the strictest 
sense of the term. I'urpentiiie assists in the drying of the oil by rendering it 
thinner, so thtit the painter can spread it over a larger surfat e, atid thus come into 
contact with a proportionately greater quantity of air. It is not impossible, 
however, that whilst the above is the main function of the turpentine, a catalytic 
actitm does take [>lace to a small extent in addition, for it is well known that 
turpentine readily absoriis oxygen from the air, yielding, :is many chemists believe, 
an organic i>ero\ide, whicii latter would act on tile oil in an analogous manner to an 
inorganic peroxide. 

In the case of litharge and red lead, complicaiion.s arise owing to the tendency 
which these oxides t^xhiliiL to saponify the oil, whereby an insoluble lead soa[> is 
produced, wliicb produces a more brilliant coat on drying than the pure oil alone. 
To what extent this saponification assists the rale of drying is at present unknown. 

* Practical Testing of DriersK+—The <>UI tntllKicl i>f le^iing dritirs by noting Ihe time laken by 
u ihiti film of tereljiiie to stt h.urd on gkivii eannol he u«j ^(^nng]y amdcinucd, for il leads to most 
cunflicting recallOne of ihe most HaiisfacUiry inefbod^ \\ lhai givt-n by T. A. Davidson.:!; This 
investigator prcparcB a series of mivtures of linsefd oil and diiei in varying These are 

kept at a uniform lemperaturo for a nmnltcr of hours in separate Mopficred battles. Tlie liquids 
are now filtered tlirongh pa|M:r into fre^h bottles, and a portiou of ejirh is run nn to a glass slide 
and placed in an air oven at oonstaui U'lUiKiatnrc, h'ri>in lime lo lime the slides are examined 
and the number of minures or hours noied thai are re^^uired before the tilni is sufhcienlly firm ta 
liear the finger baing gently drawm across it without leaving a wintish mark. This time is known as 
the “ Betting vnlue,’^ and is greatly all'eetctl by a numlier of fanors, such as tcmperiature, rate of chanw 
of air, thickness of the oil film, moisture, and the nature of the surface to which the oil is applitm. 
In testing a drier, Lhcrcfurc, It is upcesMiry (o perfoim twi> series rif e\|jeriiuenis at the same time 
and under prerisfly similar coudilions one with a standard drier, whose efficiency is well known 
from pmclical experience; the other with the sample lu he Icj^V'd. Only in thi.s way is it possible 
tn amve^Lt satisfacuiry and reliable results. 


Varnishes, I^acquers^ and Enamels ' 

Varnishes, lacquers, and enamels, when a])plied lo the surfaces''of bodies, have 
in general two functions to fulfil, namely, those of protection and of f>rnamentation. 

Oil Varnishes were first manufactured on a commercial scale in England at 
the close of the eighteenth century, and are prepared by dissolvingTestns in linseed 
oil. Owing to the Fact that the resins are, as a rule, insoluble in the oil befoT ' 

* See “l^tnt|r.-)’ (.kilnur*. Oils, anti Vanual^,'' by Geo. TIurst (Grifliii & Co., r9ci), \a 4:17. 

j This iiutjjeA is dealt with in funher detiill in Fiiend^B “ IntroLli^ctEoii,'" etc., p t6i » Jey. 

J: IHvidson, rrA * * 
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rusioUf v&niLiibes (^iinnut be prepared by simply mixing the ingredients at the 
temperature of the r<xjm. The resins are first fused in cfjpjier gum pots^ and a 
quantity of oil already at 500'' V. (260'' C.) is added under vigorous stirring. The 
contents nf the p(;t are now run into a large iron tank* capable of holding the 
*'runnings^^ of several pots, and the temperature maintained at 500’ F, until the 
varnish has cleared and is stringy. It is then Pooled, thinned with tur[)entine, and 
stored to clear and age. * 

Simple as the above process appears lo be in theory, years of practice are 
required to produce thoroughly satisfactory results. If the resin is'^not properly 
fused it cannot undergo thorough unmn with the oil, the im|>erfectly fused portions ^ 
remaining susj^endud as very fine insoluble particles in the varnisbt instead of 
l>eing dissolved in the same. Thu result is that when the varnish is applied to any 
surface it sets with a bloom." Whilst this is nor the only cause of blooming it is 
a sufficiently common one to merit attention. 

For pale varnishes it is essential that the resins emtiloyed be fmle, and, unless 
the cem[>erature of the gum pat is carefully watched and maintained as low as . 
[Kissible, the resins will darken and spoil. 

These technical difficulties, ('oupled with the fact that the already costly resins 
lose from 5-20 [xit cent, in weight during fusion, have led to many attempts on the 
fjart of manufacturers to cmjiloy some other method* Exiieriments have been 
carried out with ter[iineol, witli amyl alcohol, and with najjhthalene and jjlienoLs as 
Ejolvents, but with doubtful success, 

Hnatnels consist of oil varnislu^ inio which certain finely levigated pigments, 
such as /inc oxide arid Venetian red, have been thoroughly ground. Hlack enamels 
are usually prepared from asphallnm. 

Spirit Varnishes arc ]irepared by mixing resins with such solvents as 
methylated spirit or tuqientinu, and allowing to stand in a warm place. Excessive 
beat must be avoided, owing to the volatile nature of the solvents, and the 
inflammability of their vapours. 'I'hc methylated spirit employed should not be 
weaker than 64 over proof 

Nitro-ccllulose Varnishes. —Varnishes used in the manufacture of artificLa] 
leather and in special lacquer work consist of nitrO’celluloses dissolved in amyl 
acetate and suitai)ly coloured. About 450,000 gallons of amyl acetate are annual/)- 
employed in the United States for making such nitro-cellulose varnishes. These 
\^n;ishes are likewise used for painting iron work owing to their non-porous nature. 

Water Varnishes are made by dissolving gums or glue in water. If, just 
before use, a small quantity of potassium bichromate is added fh glue varnish, the 
coat is rendered almost waterproof 

Natural Varnishes— Two genera of plants belonging to the Ana^ardtactiip 
yield a sap on upping, which is used m the Far JCast as a natural varnish or 
lacquer, nan^ely, Rhus for Japan^^se and (Chinese lacquers, and Mdanorrhea^ which 
yields black Burmese varnish. Japanese lacquer is hard, its hardness increasing 
with age. Its great value licj; in its persistent lustre, and to the resistance wliich 
it offers to such agencies os spoil our ordina^ oil varnishes. It should bf borne 
in mind that the so-called fac ware of India is. not true lacquer ware, as it is 
produced by the aid of shellac dissolved in su^able liquid menstrua, 'I'he chief 
Chinese tree yielding lacquer is Rhm verniii/erff,tnaXivt£ to that country, and, like 
the-art of lacquering, introduced from China into Japan, Chinese lacquer is 
frei^uently adulterated with tungoil. When first obtained from the tree it is greyish 
white in hue, but quickly oxidises and becomes brownish hlack. I'he Japanese 
lacquer is very Similar. Both lacquers harden only in a moist atmosplieriG, hence 
in China lacquering is performed in wet weather, fnd in Japan it is conducted in 
special moisture-laden rooms. Oxygen Is slowi)E absorbed during the setting to 
the ext^t of 5.75 perce^it of the weight of the original varnish. The only methods 
of chinning the lacquer known to the Japanese* are by warming, ov addition of 
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camphor. For this roason camphor wood is not used as the foundation for lacquer, 
although almost any other kind of wood may be employed. 

Solidified Lint^ Oil, Linoxjn, Oil Cloth, and Linoleum 

nTERATURE 

See Chim. Sof. Ind., [S96, 75. 

iNiELK, /a. T904, ] [97. 

A, [IK Waki.k and O. J. Patrick, Linnleofti: Its Miinufaci\ite and Valuation,” ior. 

«V., 1915. * 

The lechnicaL literature in poor, and much of ihe matedals hv the accompanying article were 
pivately communJeated hy firms interested in the trade. 

Ltnsced oil rapidly takes up oxygen and solidihes to a flexible solid mass of 
unknown constitution, termed ^‘solidified linseed oil/^ ‘‘oxidised linseed oil,” 
“ linoxyn,” etc. The substance is manufacttired on a large scale by several diflerent 
processes (K Walton, 18G0-63),' 

1. IJnseed oil, freed from moisture by settling (sometimes by filtering through 
dry salt)—otherwise froth ingen sues on boiling—and boiled with a drier to accelerate 
oxygen absorption, is allowed to How down a light cotton fabric (“scrim”) sus¬ 
pended from the ceiling of a high room which is maintained at 38" C. 'ITie flooding 
with oil takes place daily, and each layer solidifies in about twenty-four hf/urs. The 
process is continued for six to eight weeks, the oil dripping from the cloth 'being 
drawn off and allowed lt> flow again down the cloth. Wlien the layer of solidified 
linseed oil is half an inch thick, the “ skins ” (35 ft. long) are cut down, and the mass 
jiassed between rollers. It is known as “scrim oil,^' The scrim at first supports 
the oil, but before the skins are ready to be cut down the cotton is so thoroughly 
rotted that it readily disintegrates, and cannot be traced in the subseijuent processes 
through which the oil passes. 

2. Raw linseed oil is placed In a horizontal steam-jacketed cylinder within which 
a central shaft provided with arms rotates witli high vekicity. The cylinder is only 
half filled with oil, and the arms beat it up into a fine spray, while at the same time 
a current of air is driven through- Steam in the jacket is maintained so as to heat 
the oil to a proper temperature (which differs with the kind of oil to be produced)- 
As*the oxidation proceeds the temperature rises, and the steam is now r^laced by 
cold water. 1'he oil is oxidised in five to six hours, but if an oil of a light colour 
is required, twenty-fi>ur hours is required. The thick viscous liquid is run while 
hot into trays, where it solidifies on ctjolfng. At this stage it is not so thoroughly 
oxidised us “scrim oil, and (except when used for cork carpet) the trays have to be 
kept in stoves at a temperature of about 38*" C. for from four to eight days until 
the desired degree of oxidation is obtained- 

In this forced methtxl of oxidation there is a loss of about S per cent-, whereas 
In the natural oxidation of the “ scrim " method there is an actual gain of about 7 i)er 
cent. The oil oxidised in this manner is more liable to sponiaiieously ignite than 
that produced by the “scrim’* process- The oil is not quite so elastic as that prepared 
by the “scrim” process, owing to part of the oxidised dil being “superoxidised” to 
a liquid Substance, first discovered by Reid- 

3. A third process for reducing linseed oil to a thick-mass suitable for mixing 
with ground edrk, etc-, for linoleum'making is achieved by prolonged boiling alone, 
which causes tl)e oil to polymerise, A considerable proportion of thedinoleum spld 
at the present day is made from oil so prepared. I'he manufacture of linoleum 
from polymerised linseed and tung oil nas been patented by Dewar and the 
Unoleum Manufacturing Company (English Patent, 5,789, 1903). 

t 

Linoleum and OiL-cLoiiH Manufacture-* 

The first stc^ in the manufacture of linoleum is the production of “finpTeum 
cement." Tfiisds done by melting the solidified oil with various gum'resias 
* 5 e« Reicl,y^MrJr, Soi-* CAtttt. M,, JS96, 75; lDgle» Air- nV-, 1904, 1197 - 
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(usually kauri gum and rosin)^ and mixing with it cork flour and various pigments 
and filicrs. The linoleum composition thus obtained is finally rolled on to canvas, 

A good elastic cement is composed of about SJ cwt, of oxidised oil, i cwt, rosin, 
and 3 cwt. kaviri gum; sometimes copal is added EacJi’manufacturer, however, 
uses his own formula, and this is carefully kq;t as a trade secret. The kauri is 
pulverised, bm the rosin can be used in lumprf since it acts as a flux- The mixing 
cjperalion is carried out in a ^eam-jacketed vessel provided with stiriCTs. Samples 
are withdrawn from lime to time and tested* It is of the greatest importance that 
no overheating takes [>lace* When thoroughly mixed, the ‘‘cement" is run into 
pans, and in summer is sometimes artificially cooled, since large masses of this fas* 
well as the oxidised oil) have been kn<iwn to heat and spontaneously inflame, Tlie 
cement is cut into small pieces, mixed with rather more than its weight of ground 
cork, passed through steam-heated mixing roils, more thoroughly amalgamated in a 
mixing drum (various colouring matters being here added according to the colour 
desired for the finished linoleum) and then passed into a “ f lerman —an apparatus 
resembling a large sausage machine, but very strongdy made. At first steam 
heating is necessary, hut once the machine is working ihc heat generated by 
friction keeps the mass soft, and in summer it is even necessary to circulate cokl 
water in the jacket instead of steam. From the “German"the linoleum issues as 
lumps or pellets, and is passed through mixing rolls, in vrhich it is converted into 
sheets, and finally is rolled upon jute canvas by means of steam-healed rolls* The 
canvas back is protccled by a varnish (“backing") spread upon it by irieuns of a 
special machine; the main ingredients of the backing are oxidised oil and varnish, 
or varnish bottoms mixed with ochres or oxides; the material is fluid when hoi, 
hut solidifies on cooling. Finally the linoleum is “seasoned " in riHDins at 23*5C, 
best in horizontal racks. 

Linoleums may be grouped into (j) I'lain and Printed: (a) Inlaid; (3) Cork 
Cariiets. 

The Plain Linoleums consist essentially of cork, pigment, and cement 
rolled on canvas; they are printed with oil colours so as to produce designs 
(“printed linoleums"')- The oil paints, however, in time wear off, and efforts 
were made to produce coloured jxiUerns running right through the thickness of the 
coaling composition, thus introducing ‘’inlaid linoleums.'^ H'bis requires special 
machines of extreme ingenuity. Differently coloured linoleum compositions‘are 
granulated and moulded into the required shapes, and placed upon the canvas in 
such a way as to produce the r/itjuiried design ; an alternative method is to roll the 
differently coloured compositions into sheets, and cut from these sheets various 
forms and stamp them upon the canvas. I'he ijatterns thus built up are immediately 
welded together by heat and pressure, and afterw'ardh sea.soned* Details of these 
special processes will be found in the patent literature. All inlaids contain a large 
proportion of wood flour in addition to cork dust. 

Granite Linoleums are of this class. The “panite” effect is produced by 
mixing together granules of differently coloured linoleum compositions before 
pressing the material on to Jhe canvas. In these inlaid linoleums the proportion of 
cement is generally rather more than that of cork and wood flour, so as to ensure a 
thorough welding of the various linoleum compositions forming the design! 

In Cork Carpets the cork grains are larger, and wood dust is ixsver employed, 
while the quantity of -pigment is usually smalter than in the plain and inlaid 
varieties- Both kinds of cement are used. 

* Oil-cloth consists simply of fabrics coated with linseed oil, whiting, and 
pigment, and are printed in oil colours in the usual way, 

The colours used in linoleum and oil cloth manufacture are— 

Red'oxides, or, in the case of bright iglaid colours, permanent lakes. 

Ultra "blue. 

Chrome green and Brunswick green. 
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Wht/e .—White lead, lithophone, 

Ve/iaw .—Chrom es. 

B/ack .—Vegetable black- 

The authors* best thanks are due to Mr A. H, Dewar, F,LC-, manufacturing 
manager of the Linoleum Manufacturing O., Ltd., who gave us much information 
regarding the modern methods used in manufactur^g linoleum. 

Statistics. ^The amouTU ol oil-cloth and Unolcuni imported into United Kingdom is nhonti 
in the following tnhie ■— 

I' Viiluei. 

l' I 




]qi6. > 

itJM. 

t^i6. 

Oil-cloth L— 

K[ir floor coverings- 
h'or fiimituiTL- c\>verings 

For Lill other purposes 

Sf|. Yds. 
L333.'3^ 
i:34p9f>9 
40,284 

Sq* Yds. ' 
82,211 
444.5'Ji : 

18,940 

£ 

S 6.653 

29,680 

769 

£ 

5p39S 

11,699 

533 

ToiLil oj oil-chtlh 

[,^ 98.389 

54S>7*^ ■ 

i 

117,102 

17,627 







i 


i 

U>J 


iqi V 

1^1 fiL 

1 Oibdcith :— 

1 For fliMtr coverings - 

y»T runutme coverings 

1 Fur all other poirposes 

Sq. Yds. 

■ ■ 32 , 566,000 
. , 16 ,^S ,200 
- 1 2 , 454,800 

St|* Yds. 
19 , 008,200 

J 1 , 685,200 
1 , 364,300 

£ 

1 - 870 , 118 
665 . 9 ^ 

96,280 

£ 

1-42^7^3 

576.631 

73.34< 

1 TomI of oii-cloLh 

- ■ 51 , 919*000 

32 , 057,700 

2,632,34s 

W 1.695 


Tiio United States in 1910 impcintd 4,800,000 'jj. yds. (vnlut, #1,8^4^000) of oil dolh iiml 
Unolcuni; Lhe evpcm ol Aoor inl-doib rL-aclicd 28,000 in 1910, Lbe value of 01 her kindituf oil-doih 
^xpDited being fcltuiietl as 

ANIMAL AND VKGETAIiLE WAXES 
(NON-GLYCK RIDES) 
l.l'J’ERATURE 

See under Oils, Fats, and Waxes^ Martin’s ‘Mmlusiml Ciiemi&try: Organic/’ p. 3* 
special wotkh dealing with waxes alone arc— 

L. Srdna,—“D aij Wachsund sdne lechnische Verwendung.’* Vienna, 1902. 

T* W. (^owAN*'-“ Wax Craft : All ahout Beeswax.London, [90S. 

The manufacture of ordinary cunimerdal sealing wax" (which usually doe^i nut contain Irtie 
wax) i^^calt with in the following works 1— 

11. C, Standage, “ Scaling Waxes.” Ijondnn, 1902! 

K. Andes.—S iegel-u. naschcnlocke,” (Vienna, 1885,) 

W. Km.xam.—“S iegel- tind f'last^hcnbickfahriltBlion/' I'jcuh, 1900. * 

The waxes are esters foriped by the union <rf fatty atnds. and alcohols not 
belonging to the glycerol series. Hence waxes are sharply distinguislied froai fats 
in that they contain no glycerol ; they have, however, many properties in common 
Avith true glycerides (fats); thus they can be saponified with alkalis, the silts of 
fatty acids and alcohols being obtained:— 

UH.|,CO.O.C^Ifli 4- KOIl - C«H«,OH 

ThQ wax “myridn/' ^ Put, palmitatt. Myncyl alMliol. ^ 

The sapc^ification is much ^more difficult to carry out in Ihe case of ^^xes than 
in the case^oLfats- Wool wax, fqr instance, must bdiled with alcohoAc pptash 
for at least twenty hours; moreover, the higher aljxihols, being insolubloin water, • 
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occur in the '^unsapomfiable” residue. This allows us to readily distinguish fats 
from waxes; Tor wlmreas most fats yield 95 per cent, of fatty acids, the'liquid 
waxes yield only fio 66 per cent., the remaining 40-34 per cent* being made up of 
monovalent alcohols, amotig which we may niention:— t' 


d '33 

f Cetyl aicohdl - 


l.anolin alcohul 

- C'lJIstOH. 

|o 

Octodccyl alcohol - 


.^j^rrhokHterol - 



ICamutihy] ,, 


S ^ 1 boclolcsierol 

- Call^OH. 

U +■ 

S r. 

Caryl 

- CalI^,.(Hr. 

1 S 1 hhyicjbterot - 


“a: 

.Myricyl 


<"S ISiiosltrol 


W(J 

I^iyllostearyl 


* 



Liquid Waxes 

Sperm Oil, from the blubber and bead cavities of Llic sperm whale, consists 
of combinations of unknown alcohols with fatty at ids. Ctioled to low temperatures 
the oil deposits spermaceti (which sec). 'J'hc oil is a valuable lubricant, esi>ecially 
for rapidly running machines; since it docs not become gummy or rancid it can be 
used for delicate machinery such as watches. It retains its viscosity at high 
temperatures. S}H:rm oil is used for lubricating, illuminating, dressing leather, and 
tempering steel.—Sp. gr. (15'' C), 0.S80-0.883; sap. vaL 123 133; iod. val. 8^84; 
Reichert-Meissl val o.Go; fatty acids, 60-64 P*^*^ cent.; ahxihols, 37-41 per cent.; 
Maumene test, 45‘*-5i” C. If adulteration with fatly acids has taken place glycerol 
will he-found present* The percentage of glycerol multiplied by 10 will give the 
percentage of fatty oil. 

Doegliog or Bottlenose Oil is a duid very similar to s])erm oil, with almost 
identical constants; it can be distb'tguished from sperm oil by its Caste, ll has a 
lower price than the former oil on account of a slight tendency to “gum*'* 


Solid Animal Waxes 

Spermaceti, the white crystalline wax which separates fiom chilled sperm oil, 
consists principally of ceiin (cetyl pliniiatc)* C„(H.,30.C0.C[*H^i. The substance 
is a gOfid candle material.—Sp* gr. o.yo-o.qCi (15“ ( 1 ), 0.80-1. St (loo"" Cl) ; sol. pt, 
and M.Il 44'' C*; sap. val T25-t34 ; iod* val* 3*8 ; alcohols, 51.4 i^er cent*; fatty 
acids, S3 per cent. 

Bccswax'^ is obtained from the honeycomli of [>ecs by melting, sCrainiJig from 
impurities, and running into moulds* Somctime*s the wax is expressed. It may 
be bleached by exposure to suJilight, or by an oxidising agent sifch as nitric acid, 
chromic acid, or hydrogen }>er(uide* The ordinary j ellow wax smells of honey, the 
bleached is white, inodorous, and tasteless, consisting mainly of myrlcyl ]»almitate, 
and cerolic acid, gr* o.962-o*g75 al 15“ C, 

0.81-0,83 at 100' C.; sol pt, 60“; M.ll 63" C.; acid val. 20; sa^x val* go; iod* 
val, 8-1 j ; refract, index, 43^-45“' (butyro-refractomeier); fatty acids, 47 per cent.; 
unsaponifiable matter, 55 per cent; Keichert-Meissl val 0.3^0.5, 

Insect Wax, Cbitiese Wax, is obtained from an insect, Corfus rrr^iftrus, 
Fabr., or Coccus pda, Westwood, which dei>osits* the wax on certain trees. A 
hard, yellowish-whke solid consisting mainly of caryl cerolalc, CjnHj|Q.C0*C^5Hjj, 
This body is used qs a furnil6re and leather polish, for sizing paper and cotton goods, 
and as a cafidle material,—Sj), gr. 0.92-97 at 15°, o.Sr at 100“ C.; M.P. Si“-83'' C*; 
sap. i^al. 80-93 i ^*4 j acid.s, 51 per cent.; alcohols, 49 |>cr cent. 

Wool WaXt Wool Grease, is the natural grease encrusting sheep’s wool libre. 
Before spinning, this grease is removed, somctirtjfts by extracting with volatile 

* A •complete account.<jr beeswax, manulaclurc jliuI properties, Js given hy T. W. Cuwbh, 

“Wax Alt ahout beeswax." J*onilon, 1908* See also W* F. Rei^l Soc, Arts 

11903). 5 M' " ■ ' 
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solvents, but more usually by washing with soap and sodium carbonate solutions, 
with which the oil forms an emulsion ; on adding sul[jhuric acid to this the grease ' 
separates, as described on p, 15^* 

The crude grease ^{lus obtained is purihed by various patented processes, and 
brought into the market under the name laflolkl.” Owing to the ease with which 
wool wax is absorbed by the skin \X forms the basis of many valuable ointments and 
cosmetics. The chemical composition of wool w;vc is not exactly known; besides 
glycerides it contains stearic and palmitic ethers of cholesterol and isocholesterol, 
as well as the potassium salts of several fatty acids.—Sp. gr, 0.943 {17'" C.), 0.90 at 
100' C.; soLpt. jo"; M.P. C.; refrjjcf. index (60" C), 1.465 ; sap. val. So- 

_^o; iod. val 20-29; fatty^ acids, 60 per cent.; alcohols, 43-50 per cent. Mixed 
fatty acids melt at 41'’ C.; lod. val. 17 ; mol wt. 327. Mixed alcohols, M.P. 33* C.; 
iod. val, 26-36 ; acetyl val. 144 ; mol. wt, 239. 

Pure LanoUn is perfectly neutral, does not become rancid, and is very difficult 
to saponify; its capacity for absorbing water is most remarkable, Caking up when 
kneaded 110 per cent, to form a cream; it similarly Lakes up glycerin. The skin 
absorbs it in an extraordinary way, and thus it serves as an excellent basis for 
introducing effective remedies through the skin ; for instance, a lanolin corrosive 
sublime ointment containing hut corrosive sublimate produces a 

metallic taste up<m the tongue within a few minutes of application to any part of the 
body! lanolin consequently forms an excellent basis—either hydrated or combined 
with glycerin—for ointments, pomatums, and cosmetics. It is also employed for 
superfatting toilet soaps- 

Distilled Grease 

Yorkshire grease from wool and soa]j suds is often too dirty and odoriferous 
t<j Ije used for anything uxeept carl grease and rough lubricating materials for 
rollers, etc. 'lo obtain a better iiroducl it is often distilled in cast-iron stills 
holding about 4 tons of grease, first for ten to sixteen hours over a free fire (to 
remove water), and then for twenty lo twenly^four hours with sufierhcated steam. 

" Spirit Oil (somf/imfSj not i(/?t}ays) comes over first. Pale yellow oil, darkens 
on keeping, boils over ai r5o"-32o" C Used in making black varnish. 

First Distilled Grease is the second product coming over. It is often 
allowed lo crystal Lise, and is then pressed for liquid oleic acid and solid 
'■ stearine (M.P. 48'’'57'' C.), it is sometimes redistilled O' second distilled 
grease '’)■ 

'I'he next product to distil is the “ green oils, ’ sometimes used for coarse lubri¬ 
cating greases; 190re often mixed with another liatch of material and redistilled. 

Pitch remains behind in ihc still It is used as a lubricant for the necks of 
hot rollers, 

Wright givdi ihc mituher*. fur the distil kt inn of lOOjHri^ Vorksliire grease;—Htcb, 

14'pcr cent. ; greiMi oil. 15.5 per cent, i first fJpdNei] grcaa\ 45.5 per cent. ; spirit oil, 4 per cent. ; 
Wilier and Uiss, 2 i per ccni, Ijtwkuwiisch fm<ls in distilled grease 55 jicr cent, free fatty aeidfi; 

7 per cent, combined fatty acids; 39 per cent, nnsRponitiable matters. 

^ Solid Vegetable Waies 

Carnaiiba Wax is exuded by the leaves of the Branilian wax palm, Cofypta 
e^n/eroj and consists firineijially of myricyl eerotatc. Used in candle'm^inufacture, 
polishing pastes (wax varnishes), and in making phonograph cylinders.—M.P. 
84’ C.; acid val 4-8; sap. val. 79-95 ; iod. val 13. True acetyf val' 55; sip. gr. 
(15“ C.j, 0.99-1.0, 0.84 at Ioo^ 

Other vegetable waxes are flax wax, gondang wax, pisum wax, opium waxj [)alm 
wax, ocuba wax, cotton-seed wax. 

The authors desire to ihanV Mr W. H. Stephens, A,R.C,S., for reading through 
the above and for several valuable-Bufegestions and corrt^tions. 

* Jtium. jO/iefM. (1909), 3S, 14.' 



Sununaiy,—The followiDg tableSf taken from A. C/Wri^t^s Analysis ol Oils»“ 
summaiise the chief chemical and physical properties of the better known oils. 

Tnii Chemical Paopektirs of 


* 

Add Value-* 

Sapanijicatimi Value. 

Hehner Va]ue. 

Dmn^ oils— 

Liiurecd nil. 


187*196 

94-S 

Uempijeed oil 

WofKi oil. 

I 

a 7’10.7 

190-195 
fi.'55-) t9>i9? 

96.0-96.6 

t^mhc'nut oil - , - 


iS4-J9Z*6 

95-5 

WnlnntoU » ■ - 

* 10 

192-197 

95-4 

Poppy-seed oil - - - . . 

Ni^r-seetl nil * - ^ . 

t 4'ri 

5 -i 2 

189^198 

189-192 

95-0 

94* r 

Senu drying oilsr- 

SanAower-secd oil. 

o.a-fi 

190-195 

*h. 

Maize oil. 

2. 2-20 

187-190 

SS.2-95.6 

Pnmpkiit-seed ml. 


188:95 

96.2 

Seumf oil. 

0.2S 

188-192 

95-695-8 

Cotton-seed oil. 

0.4-2.2 

190.4 197 

94.2 

Kapeseed ml - - ^ ^ 

1.44.0 

r[69.4-) 173-I7*i('t8i) 

9+<S-96-3 

Black miwiaMl ^ . 

S- 7 - 7-4 

173-175 

96.0 

Wliite mu^tanl oil ■ 

^■4 

170-171 

95.S 

Kon^dryiitg oils and sohd fats^- 


Eutbnut oil. 


185.6-196 

9.5-6 

Almond oil - - - ■ ^ ■ 

10 

1^8-195 

96*6 

Ooton oil. 

... 

210.5-21'5,6 

Grapeseer^ oil , . • . 

16 

. 17I179 

*>* 

Owtor (111 *. 

0.4'q.S 



Olive-kemd oil - - - - > 

2^0'3-5 

1K2.3-188 

... 

Olive oil ----- - 

Beti oil - - - > * ■ 

016-5.0 (*i5) 

185-195 

0.6 

Neat's foot oil . 

o-ay 

194-197.4 

y5-3-9.5-S 

Land ------- 

Lord oil 

0.4 

195.5-196.6 

m 

95.8 -(j 6 *iS 

97-4 

Maliwa. buUcF {Bai>sfa /atif'efia) 

4-S-7o.b 

1K7-194 

1 94-7> 95-0 

»Mowtah-6ced oil {Bassia hitgifolvi) 

188.4 

Palm oil. 


196-202 


Bone Eikt. 


j 72-194 

86-^4 

Tallow (beeO. 

**- 

193-198 

95*6 

Tallow (mutton} - - - - - 



95-S 

Tallow oil ' - * - - - 


197 

Cocoa (cBCao) liulter - 

Vegietablc tallow * - - - - 

I.I-4-5 

191.8-194.5 (-200) 
[98.5-205*6 

... ^ 

Butter at. 

0.3-0.6 

221-255 

86.0-88.8 

Palm-kemd oil - - - - ^ 


246-250 


Japan was. 

11-32 

(206-212-) 217-222 (-257.5) 

9a6 

Myrtle wju. 

Cocoa-niit oil. 

3 

io.TJ-35.2 

205.7-2 [1*5 
^55-^3 

82-3 

Marina animal oils— 

Menhaden oil - , - - - 

0.3 

189-192 

... 

Sordine oil ----- - 

2.2-21.7 

[89,8-195.8 

94-5-97-r 

Cpd-livcf oil 

0,3-51.9 

(T7H17.WKS 

96.5 . 

Seal oil. 


(178-} 189-195 

95-4'96.0 - 

Whale oil. 

o* 3 -Si ’4 

184-200 (-224) 

Porpoise oil., - 

0.S 

205*4-218-8 

._- - 

Dolphin oil ----- - 


197-290 

^3-93 

*** 

Uqtiid wains— 

Sperm oil - , ' 

0.4 

- (117 ) 125133 (-u;) 

Arctic sperm (botlknoh^/) oil ■ - ‘ - 

' 

■ 1231J3 • 


Solid waxet^ 


t 


Spermaceti - - * 

0.1-5 

(loK) 122*7-136 


B^wu 

i7,S'2i 

^7-5-99 

fP* 

Ckmadba wax 

4-S 

79-95 

**. 

Wool was. 

0.6-i.S 

85-10^-4 

' 


NOTES lUc ippuHlbd to Lht T&bW of Fhyiikal Proi»crll«i, fk 

^ T)n k1(Lv*1dh Frequently vini peatly; in most cue« tlie h|ffa«r nitit Jtv«i K not to ^ Kgvded u a. superior limit 
t The rotor wolktlle (nlubU) ui(k nwy be cakukied fnm tbe diflerence between the epperelfr^And tw acetyl nluu 
detioiiiJiiedi bf Lewktnribcfa'a SHtbodn fiiTen in the next coliiinii. Thin di&rence, multiplied by f^ne (very nevly) the 
Bfibbety&V. of Ab^daimI potuli required to neulrallse tbe nditilp uids cootiJiied in i ^ of tbe fbt. 

* 14a 











Rocbcri'llciul Valubt 


Acetyl V^lue (Lewho- 
wibch^a Metbod}. 

A^jhjcql ' True^ 


Insoluble Fatty AcitUd 


SapoTtlficiitioD 

Valii«. 


loduM Value, t 


170-202 

{ 140 -] 155 ' 1 ‘J^' 

T^O'lTO 

0i6 ] 4 ^» *63-7 
143-148 
(120-) laS'ijT 
126.6-134 


182-199 

(168)^189 


a 4 -<X 9 { 1 . 22 ) 


0 L 2 - 0.8 (- 1 . 6 ) 

(n.i-) 24 'J 3 (' 41 ) 

5 

(4.7-6 per cent, of wlublc 
ucid!i) 




JI8132 (-136) 

201.5 

... 

... 

(II3O II8-L28.6 

20a 0 

... 


113130-7 

... 



104.8-] 10.4 

I 9 S- 19 Q 

7-7 

7-6 

(97.5)102.5-110 

201-20M 


... 

(tMloS'ioS t-uo)^ 

174-182 

... 

... 

98,8-106 (-110.5} 



... 

92-96.7 

... 


... 

(S2-) 92-105 

198 


... 

93-[02 


.6-40. S 


101-104,7 

201 

... 


94-96.2 

187 

... 

146.9 

K2.6-S7 

182-193 

... 


81.8-87.8 


... 

... 

78-S5 (-88) 

196-200 


... 

So-84 



... 

67-72.9 

200,6-201.2 


... 

SS 63 (-6S.S) 


... 

... 

73 - 77-3 

... 


... 

. (* 9 - 9 ?) 53 - 4 - 67 .E 

206.0 

... 

... 

50.1 





205-213 



46-56 (-62) 

201 -206 

6.6 

46 

1 avmjje, 41-46 { 

196-207 

... 


71.075.7 


2.8 

2.0 

32-37.0 (-41) 

1^ 

... 


28-3S 

202 - 2 Qq. 5 


... 

29-37 

212.5-217 

... 


10-17 

25S265 

... 

... 

8.3-12.8 

211-216 

... 

... 

10.7 

230 


170-1S0 (?) 

Ht (?) 

(144-} 150-160 
142.7-144 


124-134 

121-126.4 

109-1 [ 2 
102.4-115 

96-105 

110 

96 

96-103.4 

rn.2-itt.8 

9899 

86 . 5-94 


(63.6-69.5)745-75.8 

590-63,5 


33 

SS‘S 7 

41 

37S 
546-.S 7 
39-1 

30 . 3 - 39-5 

18-31 

(3-6-) 12-13.6 

1 Dl6 


Rcndieit value, 3.7'i^-5 

22-24 

Reichert value, 5.6-66 
Reidierl value, 1.3 


{148 ) J75 6 - 183.1 

1341-191.7 
(123-) 13S.S-177 

(9[-g4-J 125-146 
(81-) 106-131 
126,9 
33-99 

78. 7-84 
80 . 4 - 82.1 


4 

8.8-10,7 

13 5 

(ro-) 20-21 (-28) 
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CHAPTER XI* 


ANALYSIS OF FATTY OILS 

{ 5 efi Also Apperidix IL, p. 199}. 

Methods of Examination^ —Only in exceptional eases (such as sesame oil 
and cotton-seed oil, which contain characteristic compounds) is it possible to 
directly identify a given fatly oil by means of a reagent, and it is therefore necessary 
to apply physical and chemical testSj which will locate the oil in successively 
narrowing groups, and finally to apply similar tests of identity. 

The methods employed include a determination of the so called “constants” 
or values of the sample, such as the specific gravity, soUdification and melting 
points, optical properties, amount of iodine absorhed (iodine value), amount of 
alkali ret^uired for saponification (saponification value), amount of volatile and 
insoluble fatty acids present in the oil (Reichert and Hchner values), etc. 

The difficulty of the task is often increased by the fact that oils and fats of the 
same kind show considerable variations in their constants—so much so that an oil— 
olive oil—may contain a considerable proptjrtion of an adulterant such as mate 
oil, and still show values falling within the higher limits recorded for the pure 
natural oil. This will be seen more clearly in the following details concerning the 
“values," 

Specific Gravity. —'J’his is usually determined at a temperature of is.s” C in 
tZie case of oils and at loo"’ C. in the case of solid fats, water at: 15.5'’ C. being 
taken as unity, 7 'aMcs of Sfedfic Gravities are given on [)p, 142-147, The sp, gr, 
of butter fat is best taken at 35" C. The sp. gr, of oils and fats often increases 
wjjh age, and sometimes varies with the method of refining the oil. 

The following table, leased on a system first proposed by Allen, illustrates the 
assistance given by the specific gravity in the classification of oil. 


Oils. 


i;t. D.gt^-o.qita 

1 

Sp. gr. 0 rjKM q.-5 S]f, fil, 

S|i. (jr. 

tiS’S't: >. 


C.). 

Alninnd uil. 

roitim-ficed niL ■ Linset-d Oil, 

Tung oil. 

Culm ,, 

Maifc ,, Whiilt „ 

Cantor 


SeiiilMW ,, 

tVeUon „ 

Oliver ,, 

Coil’ 1 liver Oil. * 

i 


_ __ 

[ 1 

_ . 


Fats ano Waxes. 


• 

Sp* Br 0 ltDn,a,S 5 i( 
(too" C.). 

Sp. ET. j 

( 10 Q fj..}. 

.Hpi ql& 63 -uS 67 

" Ckjo" C.). 

Spermaceii, * 

PtlllD oil. 

Coco-nul oil. 

Beeswax, 

Cticao busier. 

Japan wax. 


TalloWt 

Butler Tat, 


Lanl, 

« 

. 
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Method. --A liydromcLer employed if the quanliLy of oil h large. When the amount of oil 
available /or testing is small we uve a sped he gravity bottle or a S^irengel or Nicol py^ozneter. 
The lalter give^ re^ulK tif great arcuracy. I'lic pycnoint^ier or specific gravity bottle is calibrated by 
filling op to the mark with dfsiilled water at 15" C., and weighing Then the bottle is emptied 
and driedt and filled with the oil at is'" C., and the weight of oil asctrlained. 

The Hpecific gravity the weight of a given volume nf uil at 15*' C, as com|iarcd with the same 

volame of water at 15'’ C. Tlie symbol used to denotifthis Li 

4 15 

When the fil i'^ solid it is hc;LLc <1 to the tom^jcraiure of the huiling water hath (a 1 >out ^19* t]^), and 
the bottle filled ^ip to the mark with the fat at this lempcraturct the whole b^ng kept at this 
temperature by immersion in Ijoiling warjr. Tlic weight i>l nit or fat thus found is then compared 
with the weight of the same volume of w^rr at Ji>“ C., and the specitic gravity thus obtained is 

represented by^f. 

Free Fatty Acids and Rancidity.— f Gradual decomposition of fhe glycerides 
into their components, glycerol jind free fatty acids, lakes place when a fat is exposed 
to the action of light and air, with the result that the oil becomes “rancid.” Hence 
the quantity of free fatty acids present in an oil is a-tesl of its freshness or rancidity, 
according as the quantity of free fatty ^icids is high or low. Old and rancid fats 
have very high acid values. The ])erniissible limit Tor free acidity depends on the 
nature of the fat or oih Edible tnillows should not have more than 3 ])er cent, lard 
more than 0.5 per cent, and coco-nut oil 2 f)er cent (See p. igfi, for 

/>ertut£St^k atmunh of free fa(/y adds in oifs. Sec Table,^ p. 54, for “Acid Values 
of certain oils.) 

Free acidi^ !■, dcienniiicsl by weighing ^nii 2-18 g. nf fit (areuJ'iling to the degree of 
flcidity), ami dihjxolviiig at gentle heat in 25 c.c. of inilustrcai alcubnl fpreviuiibly neittrahiied liy 
N/lo caustic soda, iiiing phenolphthaleint and then ikrniiug with nr N/io tii]Keous or 
alcoholic cautiic nr Ruilium hyilroxidc, using phenol pi ithale in os indicator, nnd dMiking well 

after each oddiUem nf alkali, until a slight permanent pint colour k pruihiccrl tsce ]>. 201 b 

The rcsuLlji are usually expreAse^l iu term-i of oleic and (i c.c. N/io alkali eejualit 0.0282 g. oleic 
tcid), 100 jnns of fat being suted tn contain the calcukted amount of nlcir acid ; hut in the caie of 
coco-nut Oil, palm-kernel oil, ele., the acidity is culculaU'd /{tiff rt (see p. 201)* (i c.e. Ji/io 

alkali equals 0103 g. lauric acid.) 

Example.—2.900 g. of fat were taken, and retjuired 5c.c. of Kjio cau'jtic smla for neiiiinlisaUon. 

^ cent. Fiec Tally acids expressed as oleic ncid* 

^ ^^^5,0 per cent. „ ,, „ lauric add* 

2'CHXl I 

The free acidky is snmeUmes expressed as “Add Value,'* which is the number of Diilligramme^ 
df KQJl necessdry to neutralise the free unid in i g. uf fat nr oil. In the foregoing exarnjde 
wc have t— 

14*02 Acid Value (see also p, 201), * 

2-000 

Refractive Index*— -Oils frequently show pronounced fltRerenres in their 
refractive index—so mueb so that this value when deterinincd by means of a 
rcfractometer at a definite temperature may afford decisive proof of adulteration* 
Thus in the case of butter fat Wollny obtained readings varying from 1.4560- 
1.4620, while margarine gave readings of 1.4650-1*4700, and mixtures of butler 
and margarine readings of 1*4620-7.4690. ^ 

The different forms of ajiparatus employed are descril>ed fuHy in the catalogues 
of firms supplying chemical apparatus, and so will not be described here* 

We may mention, hofl/ever, that the refractive index may be direcfly determined 
by an Abbe total reflection, refractometer, or an Amagat and Jean oleo-refraetometer, 
as 4 escril^ed ift the Anafys/j 1S90, 87. More usua'ily, however, a special instrument, 
termed a “butyro-refractometer,” in which the readings are given in degrees on a 
scaffc, is widely employed for this purpose, and is partreuiariy useful as a sorting test* 
As is evident, however, from the examples quoted above, a mixture of butter with a 
*small percentage of margarine may give refractoixeter readings falling within the 
limits of those cff genuine butler. Ta&/es, pp. 143 to 147*) 

odvantaec nf thi» text ib the cose and lapidity with which a nnmlic^^ xamplei ciin be 
CK&inm^ The Abb? and Zeis^ instramenu require only 5 or 6 drops of oil 10 c^y out a teit* 

Tht.'refractive index for oi/s is usually determined at 60'' C* Butter is usually 
determirfod at 40' C. * 
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Mdting and Solidificatioil Points.—The teniperatures at whidi fats or 
oils melt or solidify also afford means of identifying different samples. Kot instance, 
almond oil does not solidify until chilled to - 20“ C*, whereas olive oil solidifies 
at about 2“-4' C. TheSfe differences largely depend upon the nature of the fatty 
acids in the glycerides. Thus olive oil contains a large pro])Ortion of the glycerides 
of solid fatty acids, whilst in almon6 oil such glycerides are only present in traces, 
the oil consisting chiefly of glycerides of liquid fatty aoids, (See pp. 141-147.) 

The '‘Titrc^’ or melting points of the separated fatty acids may also afford 
valuable infritmation, ITie following are a fey solidifying ]]ointi of fatty acids 
obtained from various oils and fats (the numb^vepresem centigrade degrees):— 


Beef tallow, 38-46. 
Mutton tallow, 41-48. 
Lard, 34-42. 

Horse fat, 337. 
Neat's-fool oil, 26.5, 
Palm oil, 36-45. 
Coco-nut oil, 20-25, 
I’alm-nut oil, ■20-25. 
Japan wax, 5g. 
Vegetable tallow, 45 53* 
laiiseed oil, 1317. 


'J’ung oil, 37, 

Hemp oil, 14-16* 
Poppy-sced, 16,5. 
Cotton seed, 32 36. 
Rape, 12-18. 

Olive, [7-26, 
Arachis, 23-29. 
Cod-liver, I8-24* 
Whale, 24 - 
Japanese sardine, 28 


The meltiitg point of fats \s determined hy drawing out a piece ci| thin glass lulling inlo a' 
capillary tulx;. The fat i'. meltecl in a mutliII glass lieakor, and (he end of ihc caiiilUry Uilie dipped 
inUi the meked fat. This i,'. sucked up hy capillary action inlo ihc luhc. The luhc is withdrawn 
and a,1loWcd to cuol, when the fal snlidifies. Ne\l. ihc ttilw: is tied lo (.he stem uf a thcrniomeler, so 
tlial the hulb and the fit in capillary tulie rtv close together. The whole is immersed in a leaker 
of cold water placet! on a sand halli ni on gaurc, and the bcaktr is gradually healed tjy a Bunsen 
Imrner. 

The fat suddenly liecomcs inusparerl and liquid at its melting ixant, and rises iti the tube. The 
temperature ai which this occurs is read ofl nn tJie thcmiomcter, and gives the tnehiug point of 
the fat 

The Titre or Solidifying Points of the Fatty Acida* inlroduccd hy Pallcer, is the test 
now moAl osuailj adoptcii* In this iho solidifying poini uf the fatty acids separated from a fal or 
oil 15 determmeci, and noi ihat of the oil itself. 

* Thirty grammes of the lat aic melted in a shallow poicelain bnsin, and 30 c.c. of a 25 per cetlL 
solution of sodium hyilroside are added, together with 50 c.c. of redistilled industrial alcohol. The 
mass is stirrefl on the water Ijath and evaporated until a |Kisly ma^isof soup iRforiincd. Them another 
50 C.c. of industiial alcohol a^<^ aildcd, which rcdlssolves the and the whole is aviporatcd 
to drying, with stirring, on the water hath. 

The solid s^iap ihuSobtained is dissolved in distilled water, and slight of dilute sulphuric 

acid added to liiicTatc the fatty acitb^, fintl the whole is warmed until the se[iaiated fatly acids tnclt 
to a-dear oily, liquid im^hc surface. The waler undemcnih the oil ia now siphoned off, and more 
distilled waltr added to wash out mineral acid* and again siphoned off, this ircalmcnt being 
continued nntii the washings arc no longer acid to litmus paper* The melted fatty acids are poured 
on to a dry tiller pa|)cr, which is inserted in a funnel resting on a l>eaker, and the latter is placed on 
the water liaih, where it is left until the clear fatly acids have fUtered through. 

Nexl 10 15 g. of these dry fatty acids are placed in a wide test tube, 6 in. long and [ in* 
in diamcLcr, 'Eh%]£ inserted ihrongh a cork into a flask or wide^mouihed bottle to prfitect 
the tube from loo sudden variations of icmperatureH The tuW: ijs closed by means of a loosely 
litting ^rforatcfl cork through which passes a short range ihermonieter (o“ 60’ C.) accurately 
graduated in ith ofa ilegrce centigrade.* The bulh of the thei mometer Is immersed in the fatty acids 
ai near the ceniie as poy*iblc. , " • * 

The temperature is now raised a fey degrees abijve the mehingfoirit of the fatty acids, and they 
are allowed to cool-down without slii^mg. When the fatty acids just Virgin lo solidify ai the bcttoin 
of the tube, the thermometer is stirred [round kIo% The teniporatmn: gradualTy ialts'unlit 
a minimum point reached, and then the temptrature uegira to rise owing to the heat given qut hy^ 
the fiitty adds in crystal Using. The maximum temperature attained by the fatty acids during tliis 
increase is called the *' tiire” of the sample* , 

The commercial valuation of tal^ws ami the uniformity of the hardness of tlie fats used in 
making margarine (a ver}' important factor) are usually determined by this test*. 

* , ' 

Saponi^.Atioa Value*—The oil h boiled with a measufed exces^^ lalkaU 
in suitable sohition, and the amount (expressed in mi&igiammes of ^assium 
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hydrtxide) required to effect complete decomiwsition of i g. of the into 
so«p »nd glycerol or other alcohol is termed the saponification value, (See p. 201,) 
As the fatly acids possess different molecular weights, the proportion of alkali 
r^uired to neutralise them will also vary, and the oils r<rfltaining them will have 
different saponificarton values, (See Tabhs, pp. 14*147,) 

By way of example, the following saponification values may be quoted 


Castor oil, 176-183. 

Cod liver oil, 182-187, 
Cotton-seed oil, 192-193. 
Olive oil, 190-195. 
Linseed oil, 190-195. 
Almond oil, 190-192. 
Lard, 195-196, 

Butter fat, 225-230. 


Coco nut oil, 255-260. 
Beeswax, 90. 

’ Paraffin wax, o. 

Wool wax, (02. 

Insect wax, 90. 
Spermaceti, 123-T34. 
Sperm oils, 123-136. 


Hence, if a sample of lard showed a saponification value of, say, 300, the presence 
of coco-nut oil would be suggested and further tests for that fat would be applied. 

Nora.—(!) both liquid and solid, are charackriiKrd by such bw sapomficalion values 

Lhal ihcy are eajiily distinguished by this meat]* from oils* , 

f2j The majority- of oiJs and fats have saponificatioiL values alwut 193. Higher or lower values 
than this may suggest the presence of special oils. 

(3) Mineral oils have a zeru saponification value, and consequently their presence lowers the 
saponification value of a fatty oil. 

Practical Details.— The saponification valucisdelennincd hy weighing out into a 200 c.c. conical 
flask about 2 g. of ihc fat or oil, then adding 25 c.c. nf neutral industrial alcohol and 25 c,c. 
of approximately N/2 alci>holic solution of fKtlassiuin'hydroxide. The same i|uantitieb of methylated 
spirit a/id alcoholic potassium hydroxide are pfact^ in another fia-ik in order tn carry out a blank 
test. The two tlosk^ are fitted with refine condensers and placed nn the water Itath, and boiled 
until the fat ia completely sa^>omfii-d (30-60 miimius), which occurs when all glubules of oil have 
disappeared. A litilc phenolphthalein is now added to each flask and N/2 sulphiirie acid run in 
from 2 burette until the pink colour is just di'schaiged. (Sec also p. 202.) 

The difference in the amount of acid ]rcc|uirei1 by the two flasks gives the amounL of potassimn 
hydroxide to saponify the weight oil or fai taken. 

Eicauiplc.—2.30 g. of fat rcfjuire Q.S c.c. of N'/a isulphuik acid in order to neutralise 
unabsorbed alkali. In the blank test 25 c.c. of the approximately N/2 alcoholic i>oLassiuin hydroxide 
solution required 25.8 c.c. td N/a sulphuric acid to neutralise it. Hence 25.0 - 9.8—r6.o c.c. of 
N/2 poLassnim hydroxide solution is required to saponify 2.30 g. of fat. Hence i g. of 

fat requires c.c. N/2 KOH - 5 ^-^^ ^ 194.9 “C- of XOH. ThU i .‘5 tlic 

3.30 iooo> 3 

"saponification value.’' 

Tlte Efter or Ether Value Is the num her of mJ I ligrammcs of XOt I ron u ired for the sapooifleotion 
of the neutral esters or glycerides in i g. of fat. It Ls obviously the difference between the 
*^fiapomficatJon value'* and the ''acid value*’ (p. 152). 

Note.—A convenient method <jf working is to use 2 g. of fat or oil and determine the 
acid value as described on p. 153, and then add 35 c.c. of approx I mately N/a alcoholic irotassium 
hydroxide solution and determine the saponification value as jui^l descrilfed. (See al«j p, 303-1 

Unsaponiiiabte Matter.—In ordor to determine this 5 g. of the fat or 
oil are boiled for one hour with 50 c.c. of approximately N/2 alcoholic potash 
solution, using a reflux condenser and agitating the flask frequend^ The solution 
is then evaporated to drynes^on the water bath, and the resultant^ap dtssolve'd in 
200 c.c. hot water, and the solution is allowed to cool, transferred to a separating 
funnel, shaken with 50 c.c. of ctlier, and allowed' to stand. 1*he ethereal layer is 
removed to another separator, and the jirocess repeated twice with morb ether. The 
three ethereal iclttracts are* now washed with watft to remove any dissolved soap, 
separated; transferred to a weighed flask, and the ether distilled off upon the water 
•batik The residue is dried in the oven at 100' C. until constant, and represents the 
unsaponiflablq matter.^’ It is calculateld to per cent, on the oil (See dso p. 302.) 


Practical difficulties are often met with in carrying out thi! detenninaLion, owing to the fact that 
a distinctseparaiioifofdther and aqueous soap aolutioa Rom^imes does not occur, as an intermediate 
layer af jiwulsion perskts-cven after prolonged siaftding- TTie additino of alcohqj (when petroleum 
ether fa glycerine, water, tnorc ether or potaah solution may be tried in overcotne this 

.e^t. A|po gentle rotatory agitation ii^ often efficient. * * 

* * 
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Nature of the Uo^poniflable Matter. —This may consist of cholesterol (a 
constituent of many animal fats), phytosterol (found in vegetable fats), cetyl and 
ceryl alcohols (found in spermaceti and Chinese wax), or hydrocarbons, which are 
occasionally added as a» Adulterant of animal or vegetable fats. 

In order lo detect mineral oils, paraf^ wax, and other unsaponifiabic matters in fats, we pro^ 
ceed thvis: Saponify with alcejholic potaA, evaporate to diyaesa on the water bath, extract the 
tinsaponifiable matter with petroleum spirit or eihcr, evapoiafe the solvent, and the residue rtpre- 
«ms the amount of unsaponifiablc matter. The saponification isv effected thus: Weigh out lo g. fat 
into a porceUift basin, add 50 c.c. uf fl p^r cent, dcoholic ^xitasli solution, boil on water bath until 
soap h^Jns to froth, then add ij c.c. aicohot and la^ll tintJI the soap is disMilved. Stir into the 
ma^ 5 U* sod, bicarbonate and 50 60 g. recently jgniPed pure white sand ; dry twenty minutes in 
water oven, tran^^fer to a Soxhlet apparatus, estract with pctndeum spirit {B,P, 
below So* C.), distil off petroleum spirit and weigh residue. Waxes ret^uire 
prolonged boiling for complete saponification, bui are more easily saponified 
if boiled with a rreshly-made solution of sotlium (5 g.) in al^olute alrohol 
fiQO c.c.). The Soxhlet apiparatus used for extraction is shown in ihc 
figure. The substance to l>e extracted is placed in the lulx- a, which is closed 
at/ In i petroleum spirit is placedAnd heated lo 1 rolling point, Tlie ^-aixmr 
rises through r into the condenser and, descending in the fom of drops, 
gradually fills a with liipiid to (he level of the bend in the tube r j when this 
happens, the liquid siphons over into the flask hearing with ii the extracted 
mailer. Then the proctsa begins anew, a continual stream of solvent [lowing 
through a until all the citractible mailer Is removed from the substance. The 
fluid m h is then distilled, and the extracted matter remaining behind ih dried 
at lOO*" and weighed. 

To Di»tingiutdi B«two«n Amnwl uM Vegetable Oibt xitd Fata 

Anmial Oils and fais contain ihe alcohol choIestcreJ, Vege¬ 
table fats conlaiit a tsinular alcohol called phjtosteroi, This fact 

alli>ws us lo distinguish between animal ami vegelahle fat''. If the fat con¬ 
tains tp/A chulustertpl and phylostcrol U is a luistiire of aiiiTiiLLL and vegetable 
fats. To test for cholesterol and phytosterol, dissolve a small portion of the 
unsaponifiable matter in acetic anhydride. Add one drop of sohuion to one 
drop (if 50 jKU cent, sulphuric ^icid placed on a white tite. A chaTact<-riMic 
blocxi-red to violet ctjlour is pnxluccd. If choltitcrol or phylosterol are found* 
present proceed as follows: SaiTOiitfy a ctinsiderablG quantity of fat hy alcoholic 
l>oU!ih i Ihc cholesterol or phylosterol rtmains in the unsaponifiable mailer, 
if the body is a wax, saponify wilb vidium dissolved in absolute aleohob 
* j. DiRSfjlvc ibe unsaponifiablo matter in ether, filter if llece^^sary, evaporate 
()ir the ether, rrdissolve in absolute alcohol, and allow lo crystallise on a watch 
glass; examine cryslals under the microscope. Crystals of chole.stciol form 
laminiv and have a diflcrent shape from those of phytnsicrol (needle-shaped 
LufLs). 

2. Heat crystals tibtamcd in t with a-3 c,e. of acelJC anhydride in a small 
dish covered with a watch glass; evaj^itati' off tliu acetic anhydride nti the 
water batlt and crystalljfie twice from akohoL Take melting jjoini in the 
usual way.* ' 

Cholesteryl acetate melts at PbytoBtetyl acetate melts at 

125^137'* C, lloncc they are caxily distinguished. Frti, 6S.—Soxhlet 

If both cholcatery land p}])t<tsieryhieeiitesa.reprcsentfracUonnllycrysinllise Fat Extraction 
Lhe mixlurc several times from akuhol, and thus separate the crystals into high Apparatus, 
melting and Ion* jwrtioiis, and exaniinc these sc|iaratdy. 

According to fkumer [Zri(. UnUrttuh. Nahr. Genussm.^ i^K, Si) an acetate melting at 117** 
iiS" Cf corresponds Lo an addition of 1.2 jjcr^cent. of vegetable oil; and at 123*-125* C. anaddi* 
lion of 3-4 per cent, of vegetable oil, w , 

Additiottaf Tests for CbolesteroL—i. A few drupis of the nusapamfiHible matter arc dis* 
solved in 2-3 c.c. of glacial acetic acitf. Add a little 1 >etir.oyl peroxide and bofl ^lulion. Next add 
four drops of strong sulphuric acid? when u violct-bhi'» or green colour is produced, the violet^blne 
being due to oxycholt^tciol ester, and the gricn tc L\ychulesterol (Lifscnui*, Her. DtuL Chtm. 
Gir„ 1908, 252-235). 

2. Add to a small quantity of the unsaponifiaUe matter a mixture of five urts of concentrated 
sulphuric acid, and three parts 0/ foriialdehyde solution, when cholesterol will be turned a blackish* 
brown colour (Golodete, Ch&m. Z^it^ 1908, t^)- 

3. Dissolve a little of the unsapottifiable nutter in trichloraceric acid, and add cme drop of a* 
}0 per cent, fofhialdehyde solution, when an intense blue coloui; is produced if cmfSesterol is 
preterit (Golodet*; /iv. r/A). 
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Moisture in Oil— Five to twenty grammes of fat are weighed out^imo a 
prsviously weighed porcelain and stirred with a thermometer while being 
heated at about loo" C* by a gas flame until bubbling and crackling has ceased* 
'ITie loss of weight represents the water* If spurting occuft a little alcohol added 
will carry oflT the water qurctiy. For a much better methodt see p* aoo. 

Davis {Jfivrtt. Amfr. Chcttt. 5*., 3^ 487) prevenls s[)*rtitip by adding the oil loa previnusly dried 
and weight (liter paper contained i* a slopj^ered wcii^hitig Utulc, Tlit whole is then dried at 100* 
C. in ilie ovtn until constant in weight. Oijviovisly this ineihod is inapplicable to oils and fats 
which oxidise on U^Ating* In this case uy the method descrihed on p. zoo. 

Dregs, Fibre, Adipose Tissue, Dirt, etc-“-Froni 1015 g. of thewfat 
are dissolved in petroleum ether, with stirring, and passed through a weighed 
filter paper (previously dried and weighed at loo*' C*)* The residue retained by the 
filter paper is washed with petroleum ether until free from fat, and is dried in the 
water oven at 100* C* and weighed. (See also p* aoi*) 

If much residue is left, ignite and determine natgre of ash. 

Tate estimate^ by weighing 5 g. of fiU into a ^cjiaraiinj; funtiih dii&olvine in 

clher, and allowing in Riand six hrmrs in ortlor to ht.purple thr viittT. Tlic water ir mn off, the 
tube of lieLanttor drieM, and the ethereal FH^Iuthm liUerei] tlin^ugh a tlrkd wt ighed filter faper into a 
weighed flaik* Tl>c filter i^ wa.shcd with ether and rlried at too' C. The elhei in flask ts 
recovered hy disTitJation, and the flask dried uni il ils weight is constant. 

The amount of fat in flaiik givcii urinal fai in .saniplc taken ; thc^ Ici^s in weight represants walcr 
and othar imputilies. The latter can Ik estimatcil ljy weighing the filter paper. 

Starch is detected by the blue ctjlour it gives with iodine, A microscopical 
examination gives the kind of starch. 

By healing with acids, suireli can \hi inverted to ghicose, and the laiter estimated hy Feldiug'fi 
soiuLiun. 

Iodine Value- —The liquid fatty aads, which form the [nincipiil eonstiiueni of 
the glycerides ii] fluid oils, are unsaluratLid <'om[)Ounds, and will combine with 
bromine or iodine {in suiiablLi form) to hirni saturated bu<lit s* The percentage of 
iodine absorbed in this test is termed the iodine value, and is a most valuable 
means of identifying dificTent groups ol oils. 

One class of oils, typified by almond and olive oils, consists largely of oleic acrtl 
(which absorbs approximately 90 per cent, of iodine). T'hesc have iodine values of 
about S(>^g5, and are known as non'drying oils* 

Another group contains oils in which linolic arid (aljsorbing about i8i per rent* 
of iodine) is an important constituent. CoLtomseed oil (iodinc'value, about 108), 
sesam^ oil (iodine value, iro), and maize oil (iodine value, 120) are examples of 
theso oils, which are termed semi'diying oils. 

A third important group contains the drying oils, in which the glyceride of 
linolenic acid (iodine value, 274) is usually an important constituent* lliey naturally 
have high iodine values, linseed oil, 195 ; nut oil, 142. 

Marine animal oils also have high iodine values, due to the presence of highly 
unsaturated fatty acids, but they may be distinguished from dryfflg oils by tfieir 
non-drying pioperties, and by other tests. • 

Solid fat^ have iodine values which are greater in proportion to the amount of 
unsaturated fatty acids thc^ contain* l^rd, for instance, usually h5s an iodine 
value of 50-60,^0 that a high iodine value (r^*, yoj^ints to the lard having been 
stifiefied with beef fat, and then rendered sufficient^ fluid again by the addition 
of a v^etable oil, such as maize dr cotton-seed oils. 

Ce^in kinds of American lard, however, normally have high iodine value 
(up to 66), and* it is therefore necessary to confirgi the presence of a vegetable 
oil in lard by other tests (see p. T55). 
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'loDiKK Valuks of Commok Oils, Fats, and Waxes (seep. 143), 


Oleic acid} 90. 

Tallow, 35-46. 

Butter, 36-4S. 

Lard, 50-65, 

Mutton fat oil, 32-57, 
Oleo-maigarine, 53-88, 
Olive oil, 79-93, 

.Sesam^ oil, 103-112. 
Rape oil, 94-108. 
Cotton-seed oil, 105, 
Oislor oil, 83-86, 
Arachis oil, 90-103^ 
Palm oil, 51-57, 
Coco-nut oil, 8-9, 
Palm-kemel oil, 10-17. ‘ 
Croton oil, 101-109. 
Linseed oil, 179-200. 
Tung oil, 149-167. 


Sunflower oil, 118-136. 
Hemp^eed oil, 140-166. 
Poppy-seed oil, 137-143. 
Walnut oil, 143-148, 
Seal oil, 127-146. 

oil, 121-146. 
Cod-Uvcr oil, 154-181. 
Shark liver, 115. * 
Menhaden oil, 175-183. 
Sardine oil, 161-193. 
Porpoise oil, 131. 

Sperm oil, 81-84. 

Arctic sperm oil, 67-82. 
Insect wax, 1,4. 
Beeswax, 1 o. 
Spermaceti, 4. 

Wool wax, 17. 
Camaiiba wax, 13. 


[1) Linseefl nil has a high iodine tsIu«, and adulteraUoa with forest'' lowers that 

value. ^ 

(2) The addition to walnut or popjiy-9ee<l oil of per cent, of rape or cot ton-^eed-oils and 
20 per cent, liniieed has nn ioduence on the iodine vol^ie. 

(3} The adnltero-tiim of olive oil with only 5 per cent, uf n drying oil and 15 per cent, of cotton- 
oeeii, He^anie, rape, or arachih oil may !»e sugge^te<i l>y the iodine value. 

(4} Fish oils have very high iodine values, and their presence is thus indicated in oils widP low 
iodine values hut not in drying oils. 

(3) If I ilenote!^ the iodine value of a mixture of two fats whose iodine values are jh ind « 
respectively, then percentage of fat 


Determination of Iodine Values. —Two main methods are used:— 

1, Hiibrs Method-^ i’he reagents required are (r) a solution of 25 g. 
Iodine in 500 c.c. absolute alcohol. (2) A solution of 30 g. mercuric chloride 
in 500 c.c. absolute alcohol These two solutions arc kept separate, and are 
only mixed together and allowed to stand twelve to lw*t:nty-four hours before use. 

(3) A freshly prepared 10 per cent, aqueous solution of potassium iodide, 

(4) An N/io sollium thiosulphate solution, standardised prior to use against 
resublimed iodine dissolved in potassium iodide solution. 

g. of fat is weight into a tightly 6tting stoppered bottle; 10 c.c. 
chiomform is added, and 25 c.r. of the mixed Hiibl solution is run in from 
a burette. The bottle is then firmly stoiJpered, and allowed to stand for four hours 
in a dark place. A blank test is simultaneously carried out by placing the same 
quantities of ch loroform and Hiibl solution in a similar bottle, and [ilacing the 
two bottles sI 3 ? by side. ■ 

J!ffter standing four hours, 20 c.c, of the freshly ptepared to per cent, potassium 
iodide solution and 150 c.c. fwf water are added to each bottle, and the excess 
of iodine dtrated with the recently standardised'N/ro sodium thio'sulphate, the 
bottles being shaken well during each titration, and Qesh siarcji solution being 
used for determining the finarpoint. . '* * 

The number of c.c. of ibiosulpuate reiiuhed in tlie blank experiment is 
deducted from the number of c.c. requited by the other bottle, and the difference 
is a measure of the iodine absorbed by the fat. This figure multiplied by the 
iodine equivalent of i c.c. of the thiosulphate, and by 100, apd divided by the 
weight of fat taken, gives the ^iodine nufnber,” i>., the weight of iodide absorbed 
by 100 g. 
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Example-—i c.c. of the N/io thiosulphate solution is equivalent to ^6^0130 
g. iodine. ^ 

■ 0-^40 g, of fat was tahen. The blank experiment required 59*9 c.c. 
thiosulphate, while the bottle containing the oil required 24-8 c.c. of the thiosulphate. 
59'9 - 24'S^35’i C.C., and the iodine absorption of the^rt is:— 


3 S'i xoqi3ox [oo_B^ , 

“- - ■i*4''5 

0540 * 


2 . Wij^S Method has ndW to a very large extent displaced Hiibrs method, 
because the iodine is absorbed by the fat in about thirty minutes, against several 
hours required by Hiibrs process. • Here the iodine reagent consists of a solution 
of iodine monochloride dissolved in*glacial acetic acid. It can be prepared^by 
weighing out 7-9 g. of itxiinc trichloride in a stoppered weighing bottle, and 
8-7 g. iodine, dissolving these separately in glacial acetic acid, mixing and 
making up to a litre with glacial acetic acid. More usually, however, 13 g. 
of iodine arc dip^solved in 1 litre of glacial acetic acid, and chlorine is passed into 
the solution until the iodine is converted into the iodine monochloride—a point 
which may be determined by the gain of weigh't (13 g. iodine increasing by 
3»5 g,), or, after practice, by the change in the colour of the solution. 

The rest of the j)rocess is carried out exactly as in the Hubl ])rocesB, but it Is 
usually better to dissolve the fat in carbon tetrachloride instead of in chloroform. 
Full details of procedure are given in Appendix II., p. 203, which the reader should 
consult. 


Soluble and Insoluble Fatly Acids 
Hehner Value.— 'This test devised by Hehner indicates the percentage of 
insoluble fatty acids which can be separated from an oil or fat It is usually 
* about 93-96, but in the case of fats (such as butter, coco nut oil, and palm oil) 
which contain a higl^ proportion of volatile and soluble fatly acids it is 
lower. Thus butter usually has u Hehner value ranging from 85-88, and ct)Co-nut 
oil a value of 88-90, 

We give a few numbers ; for others see t42 

TOO g. cow's butter fat contain 86-S9 g. insoluble fatty acids. 


tallow 

n 

gfi 

krd 

ti 

yh 

olive oil 


9 S 

poppy seed 

n 

ys 

palm oil 

I' 

yb 

palm kernel 

i» 

yT 

coco-nut oil 

)» 

sy 

dolphin jaw oil 


66 

porpoise jaw' oil 

») 

70 


Practical Details .—5 g. of Ihe f:a are placed in a sLrt>nc 6 .oz. holtio, and 56 c.c. of 
iipprioxinaateLy N/a alcoholic potassium hydroxide solution arc added, white anotlier 50 c.c. are 
placed in an empty flask. 

The bottle n firnily closed by an india-rubber Rtopper, which h wired on, and is then placed in 
the walCT bsuh and ^aicd for about thirty minutes unlil saponificalion is ciaiipije (shown*by 
contents of bottle b^g free from f>ily globules). During the healing ibe hotllc is occnKOnally 
removed, and the cofttenu agitated by shaking well* care being laken mn to bring thelifpJid into 
contact with Lhe stopper. VVhen saponification Ls complete, the bottle is removed from water Ijath 
and allowed lo'coob jlie contents of bottle are transferred to a 350 or 300 c.c. flaA {well rinsing 
out bottle with boiling water), and this is placttl, blether whh the hask containing only alcoholic 
potassium hydroxidt solution, on the steam bath until all the ^^ohol has evajxirate^ 

The contents of eaph flask are now neutralised with N/a hydrochloric acid, I c.c. acid being 
ajlded^n excess, and the exact amount of acid used is noticed. 

The flask containing the fat is now nearly filled with boiling water, and placed on the water 
both, after inserting Ji cork flued with a long upright tuhe. 

As soon as the fatty acids have melted to a clear liquid on#be surface of the water, the flask Is 
removed and aJlowctL to cool until the fiitty acids solidify. By gently tapping ibe flask this cake of 
iTatty acids i^Loosened from the sides, and the liqbid-poureil through a filter into a large flask. 

The'flj^ containing" iKc insoluble fatty acids is again filled with hot water, Ih^cqrk and lefluu 
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11^1 
dinting ; 

jnVMW 

: 

^ciBinmh] 


lllft ifmiid to the lulling point. The fktl^is next thonmght; 

Sted wiy tddf nie cip«Ui6ed with the weler, after «hidi ttae^ fatty adde are 
enin on the rarhux and solidify to a solid cake^ which U agiih loosened hy 
dUeced giff as before. This opeialion is repeated three times (or until the 
aepaiately *> not require more than oa c.c. of N/io sodium hyjjioxide for 
je tnixed washings are now made up to i Lijre, and part titrated with N/|fi 
number of c.c. required being calculated upon the whole liquid, 

. alkali represents the amount ^uired to neutralise the soluble fatty acids iti the 
ith the excess of add added Sfter saponiiicatian, The latter if* ascertained by 
Id the blank experiment^ ho that the diderence between these two titrations 
. rbed by the volatile fatty acids. 

ftdty adds are usoaTly calculated butyrte^acid, CaH^COOHi t c.c, of N/io 
le represents o<jo88 g, Imtyric add. Hence 

»/. «Jabk falty »cid=>^°- * 

** ^ Weight of fat taken 

ffttty addi are estimated by draining the flask cemtainin^ the solid cake, melting 
id Doming them on to the wet flLter through which tife soluble fatty adds have 
They are then washed on the filter with boiling water, and the funnel filter placed in 
aker in the water bath until all the fatty adds have filtered through. Flask, filter paper, 
I are next well washed with ether, the washings added to the filtered fatty adds, and the 
^porated and ihe fatty adds dried at lOo"' C. until constant in weight. From the weight 
.ined is calculated the weight of insoluble fatty acids yielded by loo g. of fat. This 
Iflhiter Value.’’ 

idsert Value.—This is a measure of the'amount of alkali, expressed in 
decinortnal solution, requi^ to neutralise the proportion of volatile soluble 
iicids liberated and distilled under the constant coiiditioits laid down by 
jert A modification of the method devised by Meissl is more commonly 
^ yed, the value being termed the Rdchert-Meissl value, and relating to 5 g. 
■id of 2'5 g. of the fat. The following are a few typical Reichert-Meiasl values 
i^olhers see Ta^/e^ p. 143) 


Butter fat, 28 c.c. (24-33), 
Beef tallow, 0^5 c.c, 

Olive oil, 0-6 c.c. 

Sesamd oil, 0-7 c.c. 

Rape oil, i-o c.c. 

Palm oil, I'O c.c. 
Palm-kemel oil, 5 c.c. , 


Coco-nut oil, 7-8 c.c. 

MaiKe oil, o-3-4'4 c.c, (Reichert), 
C]roion oil, 13 c.c. 

Dolphin oil, ii c.c. 

Dolphin jaw oil, 130 c.c. 
Poqwise body oil, 46 c.c. 
Porpoise jaw oil, 100-131^ c.c. 


Most of the solid animal body fats have only trifling Rcichert-Meissl values, but 
ii butter fats the proportion of volatile fatty acids is high, and correspondingly high 
^ues are obtained in the test, 

* Thus in the case of cow^s butter the value normally ranges from about 24 to 
ioui 33, Hence when a sample of butter shows a Reichert value of, say, ao, the 
addition of an adulterant is probable. In the case of certain kinds of Dutch cows, 
however, the' butter fats sometimes give a value as low as 17, this being attributed 
?to leaving'the herds in the fieldi^ too late in the season. 

Most vegetable oils and fats have a Reichert-Meissl value of less than 2, but 
coco-nut oil has a value of 7-8, and palm-kernel oil a value of about 4, A 
considerable ajj^oynt of these fats may, therefore, be added to butter without render¬ 
ing t^e Reichert Value suspiciously low. 

Of Mte several methods of detecting these fats in butter have been based upon a 
separation of the fatty acids intermediate between ^e quite jnsoluljle acids and 
[hose readily ^volatile. Coco-nut oil and palm-ketnel oil«.rc particularly rich in 
mese acids, and therefore show an '^extended ” Reichert value, whiqh is not given 
butter, • • 

_t ^ * 

^>petermltiation of the Reichert-Meissl Value (see* the Ahafysf* 1900, 
1 ^ 9 ) ^ ^ * 

mlxtwi»lW* Modification.—Five ^ammes of ihefat are inirwluged iMo a jpoc.c. flaskiiofther 
XhJJmwn in Fig. 69 (length of neck 7^ cm., wi|ltl2of neck 2 c.c.), Twu c.c, of a 9S wr cent, 
tbb oc'i tolat^ in an equal'weight of water—preserved from the aednn of alinos^i»i« carbem 
occurs a ' 
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dimiik— vi 6 lo c.L of $3 per cent, alcohol juro added, and tht inixCnK ii heated 
denier connected with a noAk by a T-piecei for fifteen mmuteiinabiUhotmltuiLi 
The alcohol U distilled off by heating the fl^ on the water bath for aboot thirty)] 
the soap is lOO c^c. Wlln^ water, which has beta kept boiling for 4 t lea ^ 

are add^, and the flask heated nntd the soap u dissoLved. ^; 

^ I Forty CpC; of normal sdphurJc acid and three to four fngme^ of pumice or brskel 
added, and the flask is at once connected with a candenict by in^ni of a glass tube; 

I j cm. from the top of the cork to the bend. At a distance of 5 cm. above the top ^ thi 
bulb 5 cm. in diameter. The Bask is supported dn a circular piece of o^beitoi, ba^T^gtt^ 
centre 5 cm. in diameter, and is first heated ly a very small fuse the innlnihfe 

but tlie heat must not be sufficlcni to cause the liquid to boil. The beat is [nenaw^; 
fusion is comple^.e no c-c. are dtSQilled off into a graduated flask, the disdUudon ^ 
thirty minutes (say from twenty-eight to thirty minutes)^ the clislillate is shaken, no c.c l. fillq*" 
transferred to aKljcaker, c.c. phenolpbthalein solutltm (i g. in loo c.c. of alcohol) 
and the filtrate titrated with n/10 soda or mryia solution until pink. A blank eicperiml^t fl 
out in exactly the same way, using the same rea^nts but omitting the fat. ' U ^ 

The amount of K/f^ GcxU Required to neutralise this distillate should not exceed 0^^ 

The difference betwein the nombei of c.c. of alkali required with the fat and 
determination, multiplied by t-i, glveh the I^cichert-MdssbWullny value. - - 



g- 



Kh.. Oq.—Wollny's Apparaiiis for Uetermining the 
ReLcLiert-MeKsl Value. 


The Polensk^ Value 

This measures the volatile insoluble fatly acids wliidi distil in the determinat 
of the Reich ert-h/iei!;sl value. 

Five grammes of the filtered fat arc placed in a 300 c.c. flask (Fig. 70) with 20 c.C. of glycerine 
and a c.c- of a solution of sodium hydroxide in one part of water, and heated over a free flame. 

TJie soap solution is allowed to coni below KxS" C., diluLrd with 90 c:,c. of water, and heated on 
the water bath at about 50'' C. until the soap dissolves. Tlie hot soap solution must be dear and 
nearly colourless. It is acidified'with 50 c.c. of dilute sol pliuiic acid (ac c.c. cone, sulphuric to ],ooo 
cc. water), and a few fragments of pumice, and the fla^ is connected with ^cr^denser as vhown 
in Fig. yo, and heated. The heat U rcgulaterl so that nineteen to twenty minutes sufilce m the 
diitlUation of iiD c.c. The distillate running into the collecting flask niusL have a tdi^peratnie 
between 20* C to 33* C, 

Afier 110 c.c. distillate has collected, the flask is rejilacecl by a 30 c.c. graduated cylinder^ 
The flask is then immer&ed'up to the neck in water ut [5° C., avoiding shaking in so doing. Aim 
oily drops whicl^ separate after five minutes are madt to stick to Liie sides of the flask by tapping 
neck. The flask Is cooler) for a fuither ten minutes in the water, and la then closed by a-cork a^ 
geijtly Inverted several times in ordeutu mU the cont^jdls, 
sC lorfc.c.ofVhedistillaU art filtered through paper S cm. in diameter, and the filtrate titrate^ 
alkali, as in the ordinary method of determining the Keicberl-Meissl value, and thii ' 
volatile fatty adda. 


^^woluhle,volatile acids on the filter arc washed ttiree times Wii.il luibc suweawre r _ 
^^aler, each of wbicH bas been ruii through the condenser lubc^ next the liquid^ 
^^^e flask, and the washings (containing the soluble volatile aclda) are tbrow^ 


; with three successive I 
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iW^n^nblc voUtilc adds sticking to the sides of the flask, cylinder, and <nndm«e^ ato im 
tetnoTvd hy. three aucccaiire nnsii^ (15 c:c. each time) with ^ per cent^ akdbol (pitvwwfr 
neutr^Md). IlieBe lEcoholic wasbini<s are poured over the filter, each being, allowed to dnlh off 
belbto the next in added. ^ ■ y 

^ The nkobolk filttate is DOW titrated with X/10 alkali sotution, and (his gives the ineaauiedCtltf 
utMluble Tototile fntty ncid>. 

The nntnbcr of ae. required is the Pplenfkl ValneH 

The main ttse of the Poicnsk^ value is to determine whether a btitter fat 
contains'coconut oil. . , 

Coco-nut oil contains more insoluble fatty acids than butter fat, and cona^ 
quently has a much higher Polenskc value, butter fat having Rctchert-Meissl 
values of 33-30 showSl Polenskd values of i’5-3'0, whereas coconut oU v^th 
Reich^-Meiflsl values df possessed Polenske values of ifi'S-iy-S. 



Revis and Boltnn state that Jf a butter fal gives a t^olcnsk^ value enceetling by 0-5 c.c. the 
corres^diDc Kcicheri'Mei&sl value indicated in the fallowing table, it certain that the butter fat 
15 aduiferatca with oocn-nul nil or jKiIni-kernel oil:— 


Tahlr 


Reichert-Meissl ^ue 

■T- 


3 P 

29 

3 S 

V , 

26 

as 

M 

*3 

Corrsponding Polenske value 

• | 3'5 

3 '^ 

3-0 

2.9 

2.7 

^■4 

20 

i-S 1 

. 

t -7 

1-6 


ValeUta^i Acetic Acid Test—Principally used fuc ascertaining the parity of butter fat, 
3*15 g. fat and 3 c,c^ glacial acetje ncid lire warntcd to 40° C. If the bailer fat is jjuie the 
mixture becomes clear. 

The liquid i« now allowed to cdSnL slow^ until it just becomes cloudy. In (he case of pure'butter 
this occurs between jo'" and 40^ C. In the case some sorts of margarine, the clear solution only^ 
ocenn at 97* C. to 94* C. 
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. Test-weieh WE- "f ™1 ™to» a» c-c. toll beaker pwkrf with cotton woolJhw 

..li“ ”t rjnin slowly (alTe .sixty seconds) from a Imrettc 10 c.t. of eoncen^td ralphtoic 
icid, ^tirrini; contmually with a therinotneter r Ihe hijghest tempemlurc altainca is tnFfe(Jiltrca,vaJtWa 


Olive oilf 4a" C- 
Almond oil, 5a *-54" C 
Kape oil) C, 

Arachi') oil> 45‘'-75* C. 

SesBttif oily C. 
Cottozi'Secdi 7S'''9o'’ Ch 
Poppy'Seedy 88' C 

Walnut, 101' C, 
Hcmp-aced, 98^ C. 
Linseed, 103^145* C 
Castor, 47“ Cs 


Taibwoil, 4I" 44“C 

NcaitV-/on(y 4S* Ce 
CwMim, ios‘'-ro3" C* 
Skate-liver, 102^ C. 
Menhaden, 126*’ C 
Sepl, 93 “ C. 

Whale, 92' Ce 
Porpoise (body), 51*^, 
Sperm, C, 

Arctic sperm, 4l'-47* C. 


Drying oils have a high Maumcne value 1 so also have fish oils. Non drying oils have a low 
value, 

C 

Elaidin Test —U wfnJ for d electi np d ryI ng oils mi xe<l ^ i (h n on -d rying, apd vit c svim M casure 
jiD c.c. bf oil into a wide'mouthed stoppered bottle of 100 c^c. eaprity; add 2 c.e. of cold, freshly-, 
made mercury nitrate (prepared ly disiiiiUing 13 g, mercury in 12 c.c, conccnlnitcd nitric acid,' 
keeping Cidd in cold waier to retain nitrous fumes), shake well; place in air uven at 25* C. for 
twenty-four hours, agitating from time to time; simultaneously perform a comparison caperimenl 
with a standard sample of oil, and compare results. Note length of time of solidification and 
consistency of moss after twenty-four hours, 

Dryitii: Oil* (linseed, hcmp-sccd, walnut, poppy, etc.) remain Jfuiti. 

Setnl-drying OiUr (ra|>e, nca|\-foot, sperm, cotton-seed, etc*) yield after twenty-four hours a 
thick mass cjf trcacle-like miibisiency, 

Non-dryiJlff Oils [olive, sperm, tallow, etc.) turti into a solid mass* 

The following examples show the use of these constants in analytical work ’ 

1. A HUinple ot oil solrl as olive oil liail the following dunu'tcnstics: Sp. gr, 0924; arid* 
Viilue, 4; aapunJilration value, 190^ iodine value, 105 1 icfriicLomeUT reading, 67) melting point 
of fatty acids, 24* (J. 

The iodine value at once imlienlcil that this was not pure olive [iil, and the other values agrecfl 
with those of pure sesame oil. Tliis was conhrmed by a siieciaL cedour reaction kit that oil, and by 
the fact that it slowly drietl on ei[])^iMire in a thin him to the air. 

2 . A solid fat sold as lard gave the following results: lixhne valne, 72; anti Reichert-Melssl 
value, 2^5. The high iodine value suggesteiI the presence of a vegeiahlc oil, and this w:;s found by 
special colour reactions Ut he cotton-SL-ed oil. The Reichert-Meivtl value indicated the presence of 
coco-nut oil. and this was contirmcd by other tots. 


Differentiation of Fish Oils from Drying: Oils* - Oils suth ^ cod-liver 
oil (and marine animal oil, whale, etc.) may be di.slmguished from linseed and 
other drying oils by drying tests, and by the fact that on treatment with bromine 
they yield an insoluble white compound, whic h turns black when heated. 

The corresponding compound froin linseed oil treated i.i the same way melts 
to form a colourless liquid. The following list gives the percentage yield of 
insoluble bromides from certain typical ciils:— * 


Linseed, 24-38, 
Tung oilj «/■/* 
Candle-nut oil, 8, 
IValniit oil, i-4-i*9* 
Poppy-seed nil, 
Maize oil, ntl. 
Cotton-seed oil, nil 
Brazil-nut oil, ni/^ 
Olivie; 01), ml * 


Almond oil, nil 
Fish oil (deodorised), 50. 
Cod-liver oil, 3043. 
Japan fish oil 2r 
Sh ark-liver, 20. 

Seal oil, 28, 
tVTiale oil, 15-26. 

Sperm oil, 2*4-3'7. 


* This tfiit was uriglnated by C^ A. Mitchell* Lcwkowltsdi and others invnrUbly describe 
tlwsc insoluble bromides as hexabitomidcs-’’ They are the^bromidcs of mised glycerides and 
ceitaioly not hc^cabiomldc^. 
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CHAPTER XII 


MANUFACTURE AND ANALYSIS 
OF BUTTER 


The Manufacture of Butter 

Butter can from fresh or sour crea.m or from whole milk. Generally 

the cream is allowed to sour or ripen before being churned. This gives a larg^ 
yield of btutter and the flavour is better. The ripening of cream is accelerated by 
keeping it at a fairly warm temperature, 6o“-7o“ F., and using a starter. The starter* 
may be a pure culture of some lactic acid bacteria, or a little sour milk or butter¬ 
milk, First pasteurisuig the cream and then employing a pure starter is the best 
of obtaining cream of the required ripeness, and butter made under these 
conditions is much more uniform in character, 

ILe composition of butter according to Storch is :— 



Kfflni FrtHli Crciwu 

From Riptawd CrBam. 

Watei - - - ' 

I j'03 pcT cent. 

Tj-yS per cenl. 

Fat . , , . 

* i £375 .. 


Prolein . , , . 

- ' t>64 „ 

0S4 „ 

Milk ■iiigar ■ 

‘ ! ‘>35 M 

f >39 M 

Mineral sulistances 

■ i 0 -H 

Cki 6 „ 

Salt , . - . , 


i '86 „ 


fct is thus seen that 83-84 per cent, of butter is fat, and the rest is water with 
small fiuantitics of protein, milk sugar, mineral matter, and 1-2 per cent, of salt 
which has been added in the making. 

'fhe percentftgcof water in butter is liable to considerable variations, and may 
reacli as much as 20 per cent. In this country 16 per cent, is regarded as the 
maximutp limit. 

* In the churning of cream the globules lose their spherical shape and collect in 
larger particles, which usually have a granular form. The evenness of grain of the 
butter after churning is of imponance, and attention is paid by the maker to this 
point. Well ripened cream, churned at the proper temperature and riot too long, 
gives JrutteiTOf ^good grain. 

When the butter has been got into this granular state, it must be thoroughly 
washed to r^taove the buttermilk, which oih^ise would cause the butter to rapidly 
become rancid. The temperature at which mis is done :s also of importance. 

When the butter has been washt * as free from buttermilk as possible, it is 
salted, and for this purpose a pure salt is required. It should*be fre^ frbm 
magnesium salts, otherwise it tends to become ftioist and then set in hard lumps, 
which prevents an even distribution of salt through the butter. 

The manufacture of hfitter on a large scale is carried out iji precisely the same 
manner as on a small scale, d^cept that the chums and workers are run by* 
machinery. 
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Jn Americfti Gernuny, and to a less extent in Iielandj machines i^ihich combine a chtun (Hd 
a latter worker have been introdnoed into butter /octoriest so that it is now possible io woflc, 
washj and salt the butter in the Eame vessel os that in which it was chuTned* Ute liC^ kimwii 
of these machines ore the Asim and the Simplex. Attempts have been made to comhme a 
separator with the chum and butler worker, and in Sweden at tlw present time several of these 
madunes are in use. 

Pure butter varies considembly in appearance, colour, taste, and smell, according 
to the breed of the cow, the food, the time of the year, and method of making* As 
has already been mentioned in speaking of milk, the fat which is present' in the 
cream in an undercooled state jiasses into the solid condition on being made into 
butter. Butter is characterised by the relatively high percentage of glycerides of 
the lower fatty acids. Other fats contain a niucii smaller quantity of these glycerides, 
so that a determination of the percentage of lower fatty acids serves as one pf the 
best methods for the detection of adulteration with some animal fat such as 
marigarinc. When the fatty acids are isolated from butter fat it is found that the 


following are present:— 


1 

r 

Butyric acid ■ 

C4H3(X (volatile) 

1 Myristic acid 

Ci4HgA (non-volatile) 

Caproic „ - 

QH,A » 

1 Bdmitic „ 


Caprylic „ - 


j Steark' „ 


Caprio „ - 


Arachidic „ 

Jt 

Laurie „ - 

CjJImA (noii-vobtile) 

1 Oleic „ 

iJ 


The proporliona in which these are present in normnl butter are subjeci ta vaTiaUon, but it 
generally found that the glycerides nl the lirbl four make up £-9 per cent, of the total. Almust 
certainly the glycerides arc ndicd, that ii> to say, the glycerine grtmp L, ci^mbined with dbftrent 
acid radicals, so that butter can hardly Iw regiinled its a mixluri; uf simple triglycerides. There 
is difficulty in proving this, Init POrtheii and Vdsen, who made an artiheiar nutter from the 
triglycerides of fatty acids, in the proportion in which they are jircKnt in butter, found that 
it lu^ a higher sobdifying prunt tlum natural butter. 

The specific gravity of pure butter fat at too'' is from 0'8G5-0'S6S, the melting 
point varies from a8‘'-34-7“ C., ihc solidifying [winl fnim 19"-23*' C, 

Butter fat is insoluble in water, soluble in alcohol, and very soluble in ether, 
chloroform, benzine, [>etroleuin ether, etc. 

The u^ual onatjaia of butter is confined to the eslimaijon of the water, the fat, and the salt, 
and the determination in the pare butler fat of the amounts of soluble fatty adds, insoluble fatty 
adds, the refiactive index, and the iodine value. , 

Water.—Samples having been taken from the bulk hy meanb of a .sampler like a cheese borert 
they arc put into a widc'moumed stopjiered Ix^tle, which is then placed in Harm water (40^ C.k The 
fal, when melted, is shaken vigorously, auil about 5 g. art punred into a porcelflin ^^sb containing 
pieces of pumice stone. The dish i^ then dried at lOO*" until the weight is constant, ur very 
nearly so. It is not advisable to dry iht butter for longer than three hours, for the continued 
lieating tends tn change its comtwhition. * 

A rapid method for the estimation of water is to simply heat the butler in a dish, ilirring all the 
time with a glass rod. When the iHitter ceases to froth and the casein has a lirown colour, all 
the water has Ijcen driven off, and the dish is allowed to cool and is again weighed. 

Fat.—The dried fat and |>umice stone from the previous experiment are transferred to an 
extraction cartridge, which is then placed in a Soxhlct extractoi. The dish from which the 
butter and pumice have been scraped is washed out welt with ether, which is poured ovef the 
cartridge, and the extraction is prooe»Ic<l with in the cudmary way, A layer of extracted cotton 
wool should l>e' placed on the top of the cartridge to prevent fine particles putnice sUne from 
being carried over. 

The Rose-Gottlieb method is also very useful for the estimation of the fat. , Weigh out i g. 
of butter on fat-free paper, and place it tn*the Gottlieb tube, add warm water to make up to 
TO c.e. (as for milk], then i c,c- of 'ammonia and 10 c.c. of 95 per cent, alcohol Sliake the 
whole well, cool the tube, ahd shake oul with ether and iietroleum ether, as in the analysis 
of mil)(. * ,, 

Salt—This can be estimated by dissolving a known weight of Ivjtter in ether, to which a tittle 
water has been added. The salt dissolves in the water, the fat in the ether, and the two can 
be aerated with a seriating funnel The aqueous solution is then titrated with dednonnol 
silver nitrate, neutral pmasstum chromate solution being usi d as Ihe tndicator. 

Another method is to ignite the butler carefully in a small platinum dish, extract the todiuin 
chlodde tiom the with water, and titrate'os above. 
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> An examination of^thc butter fat is necessary to determine whether* adulteration 
with sorne other fat has taken place. A pure sample of the fat is obtained loy 
melting* tie •butter at a temperature of 4o’-5o“ C., and filtering it through a dry 
filter. 

The refractive index is usually determined with a Wollny^Zeiss butter refracto- 
meter. Full details of how to use this instrument are supplied by the makers (Carl 
Zeiss, Jena), and it will therefore suffice to note that at 25^ C. natural butter fat 
has a refractive index of o divisions. At 40“ C. the number of divisions on 

the same instrument is from 4o^55-44'4, and fat in exceptional cases 47^ 

Margarine fat hag a higher refractive index— ^S'6-66^4 divisions at 25^ C, and 
48-52 divisions at 40^ C., so that it is possible to detect adulteration with margarine 
if considerable quantities have been used. 1'he refractive index will hardly serve 
to detect small quantises, for the figures ol^taiued for genuine butter vary too much. 
Another substance used in considerable quantities for adulteration of butter ts 
coco-nut fat, and tjvs has a refractive index of 33-5-35 at 40“ C- 

There are scverakwclbknowii chemical lestvfur ihe puiily of bulterfat, af which lbe_ following 
deserve notice‘ * 

1. The Rekhert-Meisil Value (p. 159),—Pure butLcr fat may have a Reichert-Meissi yalue 
as low as 20 or as high 34, hiiL it is v-lilom that genuine l>jtter falls liclow 24, Margarine ip 
which a very small quantity of these lower fsUly acids is ftmnd has a Ueichcrt-Mcisiil value of J or 
2, not more as a nde* 

2. The Hdhn^r Value {p. 15S} for gemuim^ Imllei fat can vary frt tn ; the average value 

is S7.5. In maTgarine the value is hii^her. 

The Koettstorfer or Sa^nification Value (p. r53) very IiJgh for laitter^ lying between 
220.5 and 332 for huUcr Fat* I'hi^ st:rvcs to delect adulteration with tniLiiy fats Avhose £a|HinlficaUun 
value is itinch less. * 

4. The Iodine Value (p- —The ifidine value of pure buiLer fat lies between 95-7 mid 49, 

and it is ^larticularly useful 111 ddtcLing adkiltemtion with cocu^itut fau 

TJie alxive are dir eluef tests employed in the rlicmical e\atnination of butter fat. As margarine 
is the most usual adulterant of ftuUer^ its |?eciLliatities as CLimpaie<i with bulier fat have been noticed* 
See Margarine Mannfacture, p. 173 ; also p* 175. 


Colouring of Butter 

Butter is nowadays usually coloured, cxccid perhaps during a few of the summer 
months* The iiublic demand is for a bright yellow butter, so that if the article fails 
to have the desired ctdour the sale is prejudiced, Tlie materials used in the 
colouring of butter arc generally harmless in their effi^ct upon the consumer, and 
the practice is not prohibited by health anihorities* 

In this c^iuntry^ AnaattO, which is got from the fruii^ of the Bijta ^y^Uioia tree, is usually 
employed. The coluutiiig matter after oxlTaclkm is disfiolvwi m some vcgfiahlt dl. In this 
condition the annatbi is vaHily inccirporalcd with the bullet, and an even yellow ctjlnur is obtained. 
Too much annatto gives a reddish unnaUind colour to the buucj, and ibis should be avoided. 

^Saffron, curcuma, extract of marigolds, juirr of carrots, are all used as butter colours. Ijattcrly, 
some »f l)ie welbkudwn yellow anJLiiie dyes have been userl for coh^uring Imtler, and whilst there 
is do evidence that they are in jurious to health in small quantities, it n'rmid doubtless he preferable 
to ise one of the vegetable suljfltances previously menlionctb 


Tests for Colouring Matter in Butter and Margarine 

*' I^ochroine,” the natural colouring matter rtf butter, is insoluble in alcohol, ether, glacial 
acetic add, and similar 5f>lvents. *Sn that if a coloured extract is ohiaid^d on extracting the fat 
with these aolvents then undoubtedly lU' artifn d colouring matter Itos been added* 

I. Leeds' Scheme of AnalysiB (A* l^eds, 7 ^^ Aaa/ystj 1SS7, *1^0).—loo g; of fat 
are mixed with 300 c.c. of Mghl petroleum spirit (sp. gr. 0638) and well shaken* The ethereal 
extract is separated by means «f a scpraling funnel, and washed with too c.c. of water tn small 
quantities at a lime. The ethereal exhactli allowed Lo stand fifteen to twenty hours (best suirounded 
by Ice) and is decanted from ^ny sepotaled fatty matter* The extract is'nex; shaken with 50 c.c. 
of K/rO potassium hydroxide solutum, the alkali qxlract is sc^Tatetl, rendered faintly acid with 
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dilute hydrochloric 4cld^ and the precipitalcd cotoming matter;, tt^^her with a trace of free JkUy 
add which is always dissolved uut £y the alfcalij filtered off and subjected to the tests given in the 
foHowiog table 


Leeijs' Colour I'ests 


ColaurJng Matitr, 

CoiiciciitrfltcJ Sulphuric 

a^id. 

CcnoeiitratEil Kinic 
Acid. 

Sulpliiuic Aud amt 
nitrk Acid, 

ConceuLTHted Hydro- 
ulilork Add. 

AHnaiUy 

Indigo blue, Laming 
to violet. 

Rlae, becomes ^col¬ 
ourless on stand¬ 
ing. 

Some. 

change, or 
possibly slight 
dirty yellow 
and brown. 

Anjiaftff and de- 
i^hristdhidter* 

blue, becomes green, 
and slowly changes 
Lu vioki. 

Blue, becoruesgreen 
and iben colour¬ 
less. 

Decolorised. 

t 

1 

No eban^^ or 
pofisibly slight 
dirty yeUow 
and brown* 

Turmtri^ 

Pure violet. 

Violet. 

Violet* 

Violet, Onex's por- 
ating off HCl 
turns toorigmal 
colour. 

Turmfrii cmdik- 
ioi^riitd hnfkr. 

Violet to purjile. 

Violet lo retldisb 
violet. 

Same. 

Fine violet. 

SaJ^ron* 

Violet to cobaLl 
blue, changing lo 
leildisb brown. 

Light blue, cLingiug 
to light reddish 
brown. 

Same. 

Yellow, changes 
to dirty yellow. 

Si^tvtt and df‘ 
iahnstdbittiir^ 

Dark blue, rapidly 
changing to red¬ 
dish Ijrown, 

lllue, turns green 
and then brown. 

Blue, ra[Mdly be¬ 
coming pur[de. 

Yellow, becomes 
dirty yellow. 

Can-oi. 

Umber brown. 

Ueculoribcd. 

Decolorised, with 
red fume^ and 
odour of burnt 

No change. 




sugar. 


Carrot and ik* 
iviarited butter. 

Reddish brown lo 
purple, similEir lo 
turmeric- 

Yellow and dt*odf>r- 
ised* 

Same. 

Slightly brown, 

« 

Marigaid. 

Permanent dark 
olive green. 

Blue, Inst ani ly 
changiuf^ [0 dirty 
yellow. 

Green, 

Green to yellow¬ 
ish green. 

Sa^amer* 

Light brown. 

I’tnrtiully decolor¬ 
ised. 

4 

DecoLurised. 

No change. 

Analine yet/ato. 

Yellow* 

Yellow* 

Yellow* 

Yellow* 

Martim ftliaw. 

Pale yellow. 

Yellow reddish pre¬ 
cipitate, magenta 
at margin. 

Yellow. 

VeUow precipi^ 

^ tate. ^ 

Virtarh yeitaia. 

Partially decolor¬ 
ised. 

,Same. 

* 

Same. 

Same colour, re- 
^urus on neu¬ 
tralising with 
ammania* 


3, CorndUon^t Sdieme of Analysis {Journ. Amtr. €htm* ] 9 aS| J47S). — 10 g. of the 
melted fat are thoronghly a^taled with iO-20 g. of glodal acetic acid at 35^ C. The mixture 
is allow^ to separate and the acid layer drawn off. The colour nf the a^. extract is noted, 
and if is then treated ah in the following table. One colouring matter to lOo,ooo parts 
of batter or margarine ^ve the indicated resul^, 
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Cornelibom's Colour Tests 


» 

Dyt 

Colour ef Add 
EllfKt. 

CEHiccntTMted Nitric 
Add, 

Coaceotnlted Snl- 
phndc Add, 

Sulphuric Add abd 
Ether to Ght 
S ulutioo. 

(Pare natural 
butter*) 

Colourless. 

Colourless, 

Faint pink on 
standing. 

Colourless. ^ 

Sudan I, {pure}* 

Deckled pink* 

Strong pink. 

Strong clear pink* 

Pink. 

Butter yellow (ini' 
pure). 

Very faint pink. 

Faint pink. 

Faint pink. 

Koint coloui. 

Cerasme orange 
G* {Casella)* 

Strong* greenish 
yellow, 

* 

Acid yellow, oil- 
globule, salmon- 
pink. 

Same, 

Brownish yellow. 

Yellow O.B* 
(Heller and 
Meri)* 

Decided bright 

yellow. 

Add faint pink,oil- 
globule, salmon- 
pink* 

Same. 

rink.^ . 

Annatto. 

Dull yellow. 

Lillie change. 

Faint pink on 
standing. 

Very faint yellow* 

Curcumine* 

Tnlense gteenisii 
yellow. 

Dull ochre yellow. 

Strong pink. 

Yellow, 

CaiTot. 

Very faint greenish 
yellow. 

Faint yellow. 

Faint pink on 
landing. 

Very faint yellow. 

"Aldeniey butler 
Culour'llieller 
and Merz). 

lircm'ni!ih yellow. 

Strong pink. 

Strong pink. 

m 

Ranstni's butter 
colour (“VegC' 
table"). 

Yellow. 

Almost decolorised. 

As with IINCK, 


” Ua n d e 1 i on 
brand" butter 
colour I'Wege- 
•lable"). 

Yellow, 

Almost decolorised. 

As with UNO,, 

... 


PrcscrvAtms.—Cerlain pTC5frvalivf\ are addeJ to iscrea^e the keeping properties of butter* 
Koracic acid and its salts are the usual preservatives. 

Boron Componndi—(a) Detection,—MU butter willi exeeisi of water in mortar, pour ofT 
water, aeidify water with^ drop uf hytlrocjiluric actd, nmisien a piece of turmeric P<tP« with the 
soLulion, and dry in steam oven, Borun compounds cause paper to develop leddisn pink tint^ 
turned deep bine when moistened with weak alkali* 

{^) Estinution. —(i) Kichmond-Harrison'Tbonison process: 25 gr. fat are placed in a lOO c;c, 
stoppered cylinder, and alter the moisture present has been determined, eimugh water is added^to 
bring the total water present up to such a (juanlity that i c,c. corresponds to i ct. of butter, 
tO-l]r c.c. of chlorufarm are run in, the flask heated, shaken, and liquid allowed to separate. 
An aliquot part of the iiquid is now removed by a pipette, evaporated dry, ignited, and residue 
extractei with ffot Wtter. The extrisct is made neutral to methyl oranpo, boiled to capel carbon 
dioxide, half its volume of glycerine added, and the mixture titrated with K/io ^lum hydroxide 
solution untii p^k to phenolphlhalein, E^ich c.c. N/io sodium hydroxide corresponds to 010062 
gr, ofboradcacid. ^ 

Tests for Bensoic Acid, SalU;lic Acid, Betd NaphthOl, and 
Fluorides . 

Extract the melted butter^with a dilute solution of sodium bicarbonate, and examine this 
extract for the various preservativee. 

Bencoic and uHcjdte acid^re detected by exactly neutralising solution with dilute 
hydrochloric acid, and uddii^ tmie chloride. 

Benzoic acid or bemxiate gives a buff-coloured jj^ripitate. 
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, SAlii:yIic acid giT« in intense violet coloradoo. 

t Text'-booVt <m practical organic chemistry should be conanlted for other tesls for thefe organic 
substances. i ^ 

Fluoriden in alienee of boric acid may be detected }yy evaporating a small quantity of the 
alkaline extract to dryness in a platinum crucible^ ignitii^ residue, moistening with concentrated 
salpburic ocidt and etching a glass plate covered with parafhn wax, which is placed ov^r the mouiti 
of the crucible, after having some marks scratched on it. 

If boric acid is present, the fluoride may volatilise away as lioron fluoride. In this case add 
lime water until liquid is alkaline, thereby fixing the ])onc acid as calcium hrimte. 

Evaporate dry, and extract resiflue wiih dilute acetic acid- This dissolves out the calcium 
borate* The insoluble matter is then treated ivhh concentrated sulphuric acid as above. 
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The Manufacture and Analysis of Margarine 
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CHAPTER XIII 

THE manufacture AlSfD 
ANALYSIS OF MARGARINE 

LITERATURE 

Mosl of the facts in the aceompanymc MTlide wqrc Mipplicd privately by firms iitterested in ^ 
the manufacture of mar^rinc. Much of the published literature is Tciy poor, and 
often describes inelhods in vogue over twenty years ago and now abandon^* 

G- Hrftkr.—T echnologie dcr t'cllc Uk t)le.” Vo!* III. Berlin, [910* Gives the best 
account. 

LewkowitsCH.—F ats, ami Witxes.” Vol. Ill* {1901 edition)* 

Dr K. WiNtjjscH.—** MaTgarinckasc.’^ Berlin, 1S98* 

**lJie MarEatinc Fabrikation,” von Tju Buddiw^rr* Seiiarat-Alidruek aus djp Organ 
fur den Ocl- und Fctlhandel* 2nd edition* Verlag N* Bessclich. Pp. j6. 
Trier, 1910. 

ARTIFICIAL RUTTER, MARGARINE 

Bu'itkr fat is a mixture of the glycerides (both simple Ifiglyeerides and mixed 
giycerldcs) of acciic, butyric, caproic, caprylie, laurie, myristic, pialmitic, stearic, 
aracbidic, and oleic acids* It also rotiuins small amounts of cholesterol and 
na^^iral colouring maUers (lactfiehromes). 'I'he average proportions of the acids 
are as follows: Stearic acid, 0 49 per cent .; palmitic acid, r8-23 per cent.; myristic 
acid, 11'08 per cent .; lauricacid, 16-4 per cent. ; oleic acid, 36-1 percent.; caproic, 
caprylic and capric acids, 3 23 per cent, i butyric acid, 6'13 per cent, i glycerol, 12^5 
per cent. Cow butter consists of fat, 83-9r per cent. ; water, 7*5’i3'75 per cent,; 
casein, 05 per cent.^ milk sugar, O'j per cent.; ash, 0^3 per cent.; salt, 1-2 
per cent* 

Since glycerides of the same fatty adds are present in varying amounts in many 
othef fats and fatly oils, tlie problem which confronts the margarine manufacturer 
is the blending together of the.se fats so as 10 pwiduce a substance having the same 
chernical com[iDsition as butter* Chemically this could lie done by separating pure 
glycerides from the various fats (making them artificially if necessary), and then 
blending theffi together in the exact proportions in which they occur in butter fat* 
On the large scale this operation is quite impracticably on ajt count of cost, so that 
the art of thevmargarine manufacturer consists in utilising the fats ready to hand, 
and blending them together in such jjroportions as most doeely simulates the 
natural product* This has been so I'cccssfully achieved that many of the 
margarines now on the market resemble butter so closely in*physiq;^ ihd cheinical 
properties that the analyst^ has often very great Mifficulty in deciding whether a 
sample consists of true or artificial butter. There can be little doubt that ultimately 
a margarine will be produce;^ having almost exactly the same constituents as natural 
butter, and therefore indistinguismible from it either by chemical <ests or natural 
flavour. 
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Manufacture of Margarine 

The following ingredients are used in various percentages according tt> the 
quality of the margarine it is desired to produce; bleo oil, neutral laid, coco^nut 
oil, earthrnut oil, sesame oil, and cotton-secd oil. The refining of oils has become 
so perfect of late, through the application of the so-called American Wesson 
Process,’^ that the oils used are now absolutely fiavourless and neutral. About 50 
per cent, of carefully soured cream or milk: is churned through the above-named 
fats, and these, being quite tasteless, adopt the milky and buttery flavour of the 
soured creaiq. To the highest grades up to ro per cent, of pure butter fat {the 
highest percentage allowed by law) is still added, which brings the quality so near 
the real article that even e^t>erts often cannot detect any direrence. 

All countries nowadays make about the same blends, tknerally speakibg, one 
can say that higher grades contain about to per cent, of oil, 70 per cent, of oleo 
oil, and 20 per cent, of coco-nul oil, whilst lower grades contain up to half oil and 
half animal fats. 

Process of Manufacture.— The milk after a searching bacteriological and 
^ fjualitattve examination is passed through the separators, where the cream is separated 
from the milk. The cream is either churned into butter, or, what is usually more 
profitable, sold as cream. The separated milk is at once pasteurised (U., heated 
to a temperature a little below its boiling point in order to destroy bacteria) 
and immediately cooled to nearly freezing point, remaining at this temperature 
until required for the “souring tanks,’* when it is again warmed to a moderate 
temperature suitable for the souring culture, which is then added, 'I'he souring 
culture is [prepared in the bacteriological laboratory in the most careful manner, 
since the buttery flavour of the whole yield of margarine is dependent upon this,. 
The milk is then allowed to “ripen*’ in a series of great open tanks, in which the 
milk is gently worked to and fro during the process; the floor is of concrete, and 
clean water is kept flowing over it, while the walls of the room are of glazed white 
ware, so that at this stage the danger of introducing foreign bacteria is minimised. 
The milk thus prepared is now mixed in suitable quar)tities with the above- 
mentioned animal and vegetable oils in suitable proportions, and the mixture is 
thoroughly churned for not more than one hour in a suitable machine. The 
temperatures vary from 2o'’-45'' C, I'he higher the quality the lower the churning 
temperature, the object being to retain as much as possible of the delicate milk 
flavour, which a high temperature largely destroys. In this way the product gets 
the characteristic smell and taste of butter. 

Then, the property of butter to brown and froth being due to casein and milk- 
sugar, suitable proportions of these, or sometimes also ol “ Elaine,” extracted from 
yoke of eggs, arc added to high grade margarines. 

In the churning machines the ingredients arc thoroughly beaten into an emulsion 
or cream, the mixture being pulverised into single globules such as butter fat forms 
in milk, the process being regulated if necessary by mejins of steam or ice water 
sent through the steam jacket with which the churn is provided, '['he mass is then 
run out into large wooden tanks (sometimes coated with marble slabs, cleanliness 
being everywhere of the utmexst ini[X)rtance), ^Vhilc running ofii; in*a thin stream 
from the churns tlic fluid margarine is met l)y a high-pressure jet of cold water, 
which pulverises the margarine, so that the disintegrated globules afier solidifying 
resemble butter granules very closely, 

^ T^js methbh of chilling' the margarine lias always been a source of diasatisfaction to the mana,^ 
facturer, as it is Lm|K)Srih 1 e lo perfectly control it, and even under the most fitvouiablc circucnstuicet 
it did nol give ihe liest results for the following reasons 

I, The milk scrum in the emulsion is partly replaced hy water. 

3, Part of the souring culture is washed out, this resulting in an irregular and insuffident develop■ 
me At of the sonring ferment dpring the subsequent operatic as. 

3. The chilling mJt being carried out at * sufficiently low temperatuie, the finished maigarine U 
always A* a softer and more greasy texture than butter* 

1 - i 
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*To remedy these delecf* pfoccK h»s recently been paienied \)y Mr E. Schmi which dq« 
awey wilLthc wAter cooling. The emulsion u it leaves the chum \s spread out into very thin layers 
of amut Oiie-liMetb of an inch in thldnitas on two large drums, revolving at the same speed but in 
opposfte directions. These drums are cooled down by means of reirigerated brine to a temperature 
of about ' Ip'' C., so that the very thin layers of emulsion immediately crystallise on the drums, and 
jBkile retaining ike wkelt cf the ntilk Jtrumt are scraped oK in thin flakes, arid treated as 
subsequently described. The advantages of this niclbod arc very gteat, vit 

I. The whole of the milk serum and souring culture being reUined, a perfect control of the 
flavour of the margarine is secured, 

^ Through the more effective cooling, the tcKture of the margarine becomes firm and at the lame 
time pliable, and both to the naked eye apd under the micioscopc it is hardly to be distinguished 
from iHitter. 

The process ha<i been worked for .some Lime by one of the largest firms of margarine numufac* 
turera in this country with such success that the best qualities of margarine thus prepared are equal, 
if not sujjerior, to the best tpialities of pure butter. 

The solidified margarine is now removed in wooden wagons to the fermenting 
rooms, where the excess of water is allowed to drain oflf, and the souring culture in 
the milk allowed io develop and flavour the whole mass of margarine,^ After 
ripening ” for a sufficient time, the mass is transferred to large kneading “fnachines 
in order to squeeze out the excess of water and obtain a homogeneous mass* Salt 
may be kneaded in to taste, together with colouring matter to prodtice the fine* 
yellow colour characteristic of butter. Many colouring substances are sold (some 
even being aniline dyes). 

Two harmle'.'i coleiiring mixturea much used are these, 

Orleun, partR; curcuma, root (lurmeric), So ; olive oil, 240 by weight; saffron, i part misted 
with akohnl, 5 parLs by weight. Marerale the orlean and turmeric with olive oil, mtpress, make up 
the weight of the fiUercd liquid to 240 ^larts Iw weight \^iih olive oil; then add the filtered saffron- 
alcohol extract, sfir, and expel the alcohol by heating tJic mixture. it 

Mtjisteo 10 parts of finely powdcied alum with 3 parts of turmeric exLml, si>read out ajid ilry 
the powder in a warm place ; then pulverise finely, and store, protecting the prf^uct from the lighi. 
A pincli nf the powder afUlcd lo a churnful of milk or cream l»cfore the ehiirniog imparts a beautiful 
golden colour. The turmeric extract is made by adding i part powdered luimeric to $ parts alcohol, 
and macerating together for alioui a week; then filtering. After the kneading the majg^Uie is 
moulded into Limips, etc., ready for the uiarkeL 

As a food, margarine is little (if at all) inferior to butter, and being prepared from 
the freshest and i>urcst materials, is usually cleaner than butter as i:)repared in the 
dairy, 

Distiiictive Tests between Butter and Margarine (see alstt pp. j 66, Tlie Reicheri- 

MeisijJ value (see under Fat Analysis) for butter very large (m-33 cm,). That of most fats 
ranges from 05-cm. (coco oil, j-S). Margarine makers now often add glycerides of volatile 
acids, so as to obtain ihc bJirnc number as wiih true buiter, 

4. Tlic saponificaUnn^alue nf butter is high (221-233I, that of other fats low. The addition 
of cooO'Hut oil to the margarine raises its '.aponilicatinn value to that of boiltcr. 

3, The refractive indiii of 1 lui let is r»459£>-1*4620 at 25'C. (butyto rcfraciomctct scales, 49 S’54). 
That.of margarine is 1*4650-1-4700 { 54 i‘ 6 - 66'4 bulyro rcfraclometer divisions). Coco nut oil lowers 
the refractive index of margarine to that of butter, 

4, True huuer fat contains less than 1 per cent, of slcarir acid. Most margarines contain 
lo ac^pcr cent., and cvcti mrue. For other tests see under Butter. 

5, H, IJlichfeldt [Journ. Sor. Chew, Mm/ry, iSlh July 1910, p. 792, vol, xxix.) has devised 
a proce^for tbf cstiMiatiou of butter and ooco-uut fut in margarine. 

The Tat is saponified by a mixture of vjueous potash and glyierol, and tlie fatty acids are 
liberated by addificaiion wiih sulphuric acid. The resulting mixture is distilled in a specially 
designed appam]^, made by Becker, London. t 

The distillate is treated with an excess of decinormal soda solution and tt^nsferred lo a too c,c. 
measuring flask. The total volatile acids are di /mined by titraiing back with decinoimal sulphuric 
acid. The neutral soap solution is nowiieatto with excess of decinormal silver tlitralc solution, 
and 10 per cent, of solid sodium nitrate is dissolved in the liquid in order to salt dilt all the sparingly 
soluble silver $alu. After ranking up to 200 c.c., the precipitated bilver salts are filtered off, and 
the excess of silver nitrate is determined volumetncally m the flltrate. The volatile latty acids ace 
thus determmed as soluble and insoluble silver salts. 

The ratios of soluble to ^solpblc lilvar salts, derived from butter and co^*nat fats respectively, 
differ oonsuderably from one another, and afford a ready means of determining these suhsUnces in 
preience of one another. • ‘ ^ 
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The following table illustrates this 



TotalVoUtiW ! 
Fatly Adds. I 

, Solablc Silver 
Silti- 

IntolDtile SUfar 
Skits. 

Butter.1 


29 

3 

1 

Coco nut oil ' - - - j 

20 

4 

1 

Fulm-kemd oil - 


3 : 

1 

J2 


Suet, substitutes consist of a mixture of suet (tallow) and cotton^seed oil 
or cotton-seed stearin. 

Lard substitutes are mixtures of lard or “lard stearin'’ (p. 14)* with cotton¬ 
seed stearin, maize oil, coco-nut oil, and other similar oils. In Germany such 
aubstiuite? arc heated with onions and condiments, and sold as cooking fat 
{htaUnfi^, “Hardened" oils now enter into the composition of some lard 
substitutes. 

MAtlg^arine Cheese is made from milk from which the cream has been 
removed, and to which margarine fat has been added- Otherwise the operation 
is just like cheese-making in the ordinary way. In 1910 about 1,600 cwt. (value, 
^3,500) were imported into Great Britain. 

Staiistics of the Biittcr and Margarine Trades. 'The fnllowin^^ tiguies relate to the output 
of.lmtter, cheese, and margarine'of the United Kiogdom fur the year J9a7 (First Census of 
Prsdtwtion, 1907):— 

Table I.— Outi^ut 

Note.— T}u fi^ns in this Table are gmtn h the nearest thousand in each case 


■ 

Ivnffland and 
Wal«. 

.Scodand. 

Indami 

Uaitvd 

Kingdom. 



Quantity. 

. . 

Balter, nikde or Mended - 
ChecE« 

Cream, sold . . - . . 

Cwt. 
40S,tX)0 
SS^ooo 
Imp. Calls. 
750,000 

Cwt. 

14,000 

20,DOO 
Imp. Ipalls- 
214,00c 

Cwl. 

678,000 

2,000 

Imp. fTulLs. 

i 34.000 

Cwt. 

1,100,000 
7S»ooo 
Imp- Galls. 

1,098,ODD 

Mir^arine (including all kinds of arti¬ 
ficial or imitation butler) - 
Other milk products, bacon, and pack- 
ing cases 

Cwt 

745,000 

Cwt 

71,000 

[A'ce^ntfd by 

Cwt. 

65,000 

Cwt. 

. 881,000 



Value. 

Kt * 

t 

ip 

Butter, made or blended 

Cheese - - ' - 

Cream, sold ..... 

Mufiarine (iniiudine all kinds of arti- 
fi^l or imitmtibh nutter) - 
Otbi^ milk products, bacon, and pack¬ 
ing cases .1 

£ : 

S,206,000 : 

[55,01X3 

291,000 

i*759>ooo 

1,295,000 

85,000 

32,000 

65,000 

j!Ji,ooo 

33.COQ 

£ f 

3,551,000 

6,000 

42,000 

154*000 

3t3iOOO 

5,840,000 

tMiOOO 

39S.000 

2,094,000 

1,639,000 

Total value - 

5,704.000 

- 

394*000 

4,066,000 

10,164,000 




MARGARINE 


177 


IL—Cost of Materials Used, Shown in Relation to 
Value of Output 

figures in this Table are given ic the maresi thousand in each case 


, 

Enehuid and 

Scotland. 

Ireland. 

United 

KiagdooLt 

I. 

Cost of materials used - ^ ^ - 

* II, * 

Value of output ’ 

i 

HI. 

■ 

Value of output ftrr cost of materials used 

£ 

4,960,000 

£ 

326,000 

£ . 
3,710,000 

, £ 
8,996,000 

5,704,000 

394,000 

4,066,000 1 

10^164,000 

1 

1 744^000 

68,000 ; 

35*t“o 

f;^6'b,ooo 


The fciUovrmg statement shows the particnilars famished respecting Lhe outpat of such factories 
and workshops, and in free from duplication 


190?- 




Quantity. 

Value. 



Qwt, 

£ 

Butter, made or Wended 

r 

1,100,000 

5,840,000 

Cheese . . , 


75 i“o . 

193.000 



Imp, Oallons, 

Cream, sold 

* 

1,098,000 

398.00^ 

Margarine [including all kinds uf 

artificial 

Cwt, 

or imitation Imtleir) 


S8i,ooo 

2,094,000 

Other milk products, bacon, and 
cases 

[xteking 

/ Kecotded by 1 
\ value only / 

1,639,000 


Tlie total value of the atiove-mcntioned'jiroduct'i is 10,164,00a, 

The butler included above is partly made and partly bltmdcd, and c^nsequentlj all firnu 
receiving schedules were asked to make a voluntary statement showing separately the quaatides 
made and blended, i]''irm^ with on output of 99^000 cwt., or over 90 per cent^ of the total 
quantity included in the returns, stated ihal they made 483,000 cwi- of butter (37,000 cwt. in 
En^nd, 9,000 cwt. in ^icotland, and 436,000 cwt. in Ireland), and blended 514,000 cwt 
(350^000 cwt, in England and 164,□□□ cwi. m Ireland). It appears prnljable that the bulk of 
the butter Ixtught for blending waa'made in the United Kingdom by lamtera from whom it waa 
purchased. 

The Arms making returns to the Censu>! Office mduded in their statements of output a 
comparatively small quantity of whole milk, lhe Fuelling value of which has been deducted from 
the value of the output and from the cost of the materials used. The cost of matenals uted, as 
given in Table U, is accordingly understated by the amount of the proht on the sale of the whole 
milk, but the enor so introduced is msignificant. 

Aft/ Ouip^ts ,—The net output of the factories and workshops covered by the Tables on pages 
176, 177 (whose gross output was valued at j^io,164,000) was i68,oOa, that sum representmg 
the total amount by which the value of the products of such factories and workshops exceeds the 
cost of the materials used in their manufacture. The actual cost of the materials used hy those 
factories aud workshops, token as u whole, was alxnit 996,000. 

The net output per head of persons emploj’od in the censal year {1907) was a little over ^125. 

Ftrt^ma average number of persons employ^ on the last Wednesday in January, 

April, July, and October, in 1907, in the factories, together with Jbe humber ordinarily employed 
in the workshops, ^vered by the Tables on pages 176, 177, is relumed as 9 r 333 i 7 JS 4 
earners and 1,579 salaried persons, the total number lieiff^ distributed by age sex as follows 1—> 


Males:— t^'emaLes:— ‘ ^ 

Under iS * * * 700 j Under 18 ■ * - -, » 435 < 

Over jS ' ' - 6,607 [ fS - ■ - 1,591 

So fu as regards Ireland, the number of persons engaged in auxiliary oeumeries are not included 
m the foregoing figures, which cover in the main only persons engaged in cenual creameries and in 
buttCT'blending and margarine factories, A is understood that the persons employed at auxiliary 
creameries are not in all cases engaged durii^ their full tune in the Bcparation of cream, 

la 
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The aidottat of nuT|;ariiie imported into the United Kingdom ]& given by the following 
figtres 



1906. 

1910^ 

Value in 1910. 

Margarine - - - - 

„ cheese - 

Imitation lard 

Cwt. 

1,101,900 

1,200 

231,000 

Cwt 

I,12O,SO0 

t,6oo 

275,000 

;C2,900,000 
2 .SP 0 
600,000 


Exported was 7iOoo cwi. (value ^17,1x10], in 1910, of margarine; and 2,700 cwb (value 
j£‘6j6oo) of imitadon krd^ , 

The United States in [910 exported 74^^56,000 IIis* of lard fiulistituLeFi (value, ^j887,0(n)> and 
3,418,000 lbs* of oleu-margarjne cr inuUUiua hntlei (value, #350,000}. 

The following are recent statistics of i-mports and exports' 

ij 

i p ^ 

Imports of Margarine into the Uneteu Kingtiom 


} 

Artii^le^ atbd Countrie'. 

CoDbifned. 


(Juantilies, 



Valae. 


1912. 

T914. 

1916. 

T9] 2. 

1914* 

1916. 

Margarine, that i:; ti> s;iy, any 
. article of food, whctlier mi^ed \ 
with butter iir not, winch re- ' 
sembles Imtter and is nnt 
milk-blended loitter. (See 
Uuttcr and Margarine Act, 
1907, And Sale oJ I'cad and 
DrugsAct, 1899.) (l*C([)): 

Xorway . - ■ - 

Cw^. 

C'wt. 

Cwl* 

£ 

£ 

£ 

S,4^3 

4.977 

2,521 

21,278 

13.055 

8,674 

NetheriandB 


Tt502,57fi 

3.73®-343 

3,39^,927 

3.*96,37S 


Belgium * - - - 

^56 

566 

9,Soo 

2 ,oo8 

1,486 


France .... 

19,804 


75.940 

50.037 

50,551 

United States; of America - 

7 ,2 i6 

5.969 


13.48S 

12,126 

SiWS 

Other Foreign ('□untrir's * 

i.sa3 

1,671 

37 

4,404 

4,118 

120 

Total fricitn Foieigri Countries 

i>3SMa7 

1,529,14® 

2,572,866 

3.514.045 

U 

8,983,007 

Canada 


26 



52 


(^her Bridiih Fosseaslons - 


45 

... 


II2 


Total from British Fossessiuns 


71 



164 


Total ‘ 

U3SM27 

1,529,219 

2,752,866 

3.5149045 

3.977.361 

8,983,007 

Marline Cheese ( 1 - C (1)) 1 
United States cjf America - 

Cwt. 

Cwt, 

Cwt. 

£ 

£ 

£ 

295 


... 

767 



Other Foreign Countries - 

... 


... 

... ^ 

Tirtal - H - 

295 



767 






MARGARINE 


\n 


Exports of Maroarihe from the United Kingdom 


A 


« 

Atddcl and ConntriH vbeiifie 
Qxniliud^ 


QuantitlcK, 



Valut. 


1912- 

1914. 

1916. 

I 912 . 

4 

1914. 

1916, 

Margarine (mc]itdin|[ all kinds 

Cwt. 

Cwt. 

Cwt, 

jC 

jC 

c 

of ortifidal or Emitatioii 

* 






bfUtter) (I. C): 







Denmaik (iacLudiog Fattie 
Islands} 

- Iceland and GTiA:nEand 
Netherlands 

1*245 

979 

401 

3.174 

2,1604 

**393 

1.17s 

712 

437 

3**05 

1,807 

1,384 

i.8*S 

*3 

* 5 ° 

3,802 

69 

446 

Uelgium ■ - - - 


(77 

40 

S.99S 

593 

154 

France . j . . 

1*267 

8] 

<p 379 

S.*S 4 

410 

S.198 

Egypt . ^ 

1*504 

1*301 


4 , 7 S 6 

4,119 

Panama , ^ , 

1*037 

3Z0 


2*895 

704 ** 

* 

Other F’DFcign Countries - 


562 

[9S 

3.81* 

1*824 

793 

Total to Foreign Countries 

10,974 

4,15s 

i ,595 

33.426 

12,130 

9,268 « 

[ Channel Islands 

1,685 

2,209 

4,330 

; 5*885 

8,002 

j 16,689 

1 Gibraltar - - - - 

i,SSo 


* 473 * i 

i 6*274 

5.271 

! 6 .S 4 S 

i Malta ami Goza- 

936 

i*]6S 

1,828 

2*733 

3.752 

1 6,046 

4 t C^^of Good Hope ‘ 

2,604 

2|053 

414 

3*424 

7*077 

5.533 

1 1,633 
1**891 

Natal ... * 

1,820 

t ,739 

j *028. 

4.244 

4,402 

3*249 

Transvaal . - . * 

' 970 

885 

750 

2*3JO 

2*158 

2*325^ 

Australia - * - - 

1,3^ 

382 


3 i 3 iS 8 

1*259 ^ 

^ 3*027 

British West India Islands ^ 

2,S6i 

ip 330 

^ ]*6l8 

8*650 

6.S37 

6*176 

Other British Fusbessions - 

1,625 

z,^S 

3>245 

4*744 

6,349 

11*497 

Total to British Posfvessiuns 

Total - 

*5,689 

14.7*7 

19,081 

45.305 

43 ,Sfi 3 

69.058 

26*663 

] 8,942 

21*676 

78.731 

, 55*693 

1 

78,326 
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CHAPTER XIV 

MANUFACTURE OF FATTY 
AClDS AND CANDLES 
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cxeellent and very complete account, « 

Candlks are commonly composed of free fatty acids such as stearic and 
palmitic acids, Ilydrocarlxms such as yjaraflin wax or ceresin are now very 
largely used, either alone or (more usually) mixed with fatty acids. Certain waxes, ’ 
such as beeswax, carnaiiba wax, spermaceti, etc,, are employed in» making some of 
the more expensive sorts of candles, while ordinary tallow enters into the composi¬ 
tion of some of the inferior <|ualities* 

Obviously good candle material must burn without smoke or smell, must not 
#ofieo and l^end under usual conditions of temperature, and when melted, must 
form a fluid which can be rAdily drawn up by the wick. Tallow is soft and burns 
with a foul smoky flamcj and so is only used for the cheaper kinds of candles. 
Some of these objectujns apply to inferior sorts of paraffin. 

Preparation of Fatty Acids for Candle-Making (also for Soap- 
makers), —The Ms are saponified by several processes : — 

Saponification by Lime (de Milly's Process),^Some 6,500-7,500 lbs, of 
fat are'placed in a copper digester and 1-3 per cent, of lime (or magnesia) and 
a little water is added,* Saturated high-pressure steam is then turned on, and 
the whole is heated for six to eight hours with steam at a pressure of S-10 aimo- 
sucres. Under these circumstances a temperature of over 176” C, prevails within 
the digester, *Kid the fat is almost completely hydro!ised into glycerol and fatly 
acids as follows 

CjtLlO-CO,C,THJ3r3HsO^C:,iyOHL + 3C,,lIj.C0OlI 
Tritturin, Water, ■ Glycuvl, Steancacid, 

B90 parts, ^ pArU- Sji p^l. 

At the same time the lime present is tn led into an insoluble caldi^m salt, thus:— 

2C,n,(q.CO.C„H»), + 3C*(OH)s=aC-sH,(OH), + 3(6,H„C().Oy:i ■ 

TristicaTU. , Linie. Glycerine Calcium stearmte 

(innl. lime softp). 


* Superheated water aJofle at a Utiipcmture of nver »ao“ C, (15-to attnospheres pressure) is 
capable of almost completely hydiolHing fats. The presence of limej however, allows toe tempeia- 
tare and pressure required for sapomA«aliou to tfc greatly reduced. 
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A modem digester consists of a copper boiler (iron discolours the fatty adds) 
54'6 ft. in diameter and 18-30 ft. high (Fig. 71). The contents are agitated ejther by 
paddles or rotating spiral screws. ' 

The glycerol collects in the water underneath the oily layer of fatty acids. 
From time to time a sample of fat is withdrawn and andysedp and'when.the 
process of saponihcation is thus found complete enough, the mass is allowed to 
stand until the separation into two layers—fatty adds above and glycerine (“sweet") 

water below—is complete. "I'he two layers 
are then pum|)ed 0^ into separate vessels. 

The Tatty layer is now boiled up with 
steam^ and sufficient sulphuric acid added to 
decompose the lime soap contained in the 
fatty acids, thus:— * 1 

[CjnHj^CO.O)S.i + U.SO^= 

CalciLim hiciirue. , Suipbunc 
Acid. 

CaSO, h 2C,^H:,,€qOH 
Calduin Siunc Bcid. 

On Standing, the calcium sulfjhate sepa- 
rates as a sludge at the bottom of the wat^ 
layer, while the fatty acid forms an oily layer 
above: the two layers are separated. 

The further treatment of the fatty acids 
depends upon the quality of the fat used for 
saponification. 

If the best tallow or fatty oils have been 
employed, the fatty acids thus obtained may 
be white enough for direct pressing and con¬ 
version into candles as described below, while 
the glycerine water may be worked Up for 
good quality glycerol as described under 
Glycerol 

Usually, however, the best sorts of tallow 
are used for edible purposes, and the candle 
or soap maker works with inferior dsffk 
coloured fats, which yield fatty acids too 
dark for direct use in candlC'making. Con- 
seciuently, the fatty acids so obtained are 
cither distilled with steam, as described 
below, or else the neutral Fats are treated 
with concentrated sulphuric acid (add 
saponification) in a manner we will now 
describe. 

Saponification of Fats by Means of 
Sulphuric Acid.— This process is usually 
used for inferior fats obtain^ fr^m garbage, 
[lulrid bones, etc. 'The fatty acids^* from 
the lime saponification process^ (from which 
dhe glycerine has already been extracted) 
are often subjected' to this process in order to slightly increase the yield of candle 
material, since the sulphuric acid turns the fluid oleic acid into oi^stearic aei^ a 
hard white solid capable of being utilised in candle-making; thus, while the lime 
saponification process atone yields 45-47 per cent, of solid fatty acids, the acid 
saponification process yields 55-63 per cent; with a slightly lower melting point. 

The process is canied out as follows (Fig. ^71): The dark coloured fat is 
^meltdd in an irdn tank by means of a closed steam cofi, and heated until most 



FiC. 71.—Copper Digester for tlie Madu- 
of 


factuie or 
Process. 


Fftlty Acids by dc Milly^s 



FATTV ACIDS 


of the water present.is expelled. Next, the melted fat is forced by means^of 
the put^p B into a copper boiler c, and 3-6 per cent, of concentrated sulphuHc 
add,of ^r. run in from the lead-lined tank d. The whole is heated for 
five to SIX hours at 130° C. by means of a closed copper coil, through which 
supprheatid steam from the superheater d is passed. The sulphurous fumes 
arising from the action of the add on the fat are pumped away through ££ by 
means of a water jet contained in the vertical pipe, which discharges into f. 
A complicated action ensues; the hot, strong acid attacks the fat^ thus:— 

JOH'k 

CaHi(0,CO.C,,Hffllj + lI^U4+3H,0=3C|,Ha3COOn+CaH/ 

THglevln^ Sulphuric Water. Sieartc ncid, GlycBiTl lulph^, 

ociU, 


i W 

fkttfAzirfi 



Plant ton acid pnocess or fat saponification 


The hot water ai the high temperature employtid also saponifies the fat into 
glycerol and free fatly acid, so that instead of the theoretical ii per cent, sulphuric 
acid required according to ihe above equation, in practice only some 3-4 per cent, 
are necessary. The fats blacken considerably owing to the destruction of tissues 
and membr^es present by the concentrated sulphuric acid* At the temperatures 
emplofed the fat$ acids themselves are scarcely ^ected. If, however, the tempera¬ 
ture is allowed to rise too much, the sulphuric acid finally attacks them, con¬ 
verting them* into sulphonic acids. Some rf>f the glycerol is destroyed. Part 
of the oleic acid present is converted into an unstable sulphonic keid, thus:—* 


, , \>,SOiOH 

Oleic mcid. Sulphuric Sulpbatifeted iteaTk 
* eetd. Jtdd. 


* According to Lewkowitsdi Sa:, CAem. IhcL, 1S97, 39a) siUpho-hydioxysteark acid * 

ii formed. 
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, The subsequent boiling with water decomposes this sulphonic acid into oxystearic 
ifcid, thus 

XOOH >COOIl 

C„H«< +HjO=C„H.ii< +H,SO, 

'O.SapH \)H 

OxysL«flrjc Kid. 

An<) this, in the subsequent distiilation of the fatty actds, is partially eoDverted 
into a solid isomeride of oleic acid, called iso-oclic acid, C^yHjyiCOOH, M.P, 
44"^ C* There are also formed at the same time lactones and hydrocarbons of 
unknown constitution. The net result of the operation is an increase in the 
amount of splid matter capable of being used for candle material* ^ 

The action being completed, the tarrj^ matter at the bottom of the boiler is run 
off, and the fatty acids boiled with water in a series of lead-lined tanks (g, g, g), the 
heating being effected by open steam coils contained in them, Findly, the fatty 
acids, now washed free from sulphuric acid, are pumped'up into tlie storage tank a, 
from whence tZiey are run into the steam still for a Anal puriAcation by distillation, 
as described below (p- i8S). ^ 

Formfrly no auempts we»: made to recover the glycerol, and statementj are even now publish!^ 

^ in standard works stating that Lbe glycerol is almost com^leLdy destined. Glycerol, however, is 
too valuable a product to throw away, and it is now eititacied with little lost from the acid and 
aqueous liquors run ofi from the fatty adcis (see under Glycerol). 

Twitcheirs Process of Saponificatioa*— ^Vhen concentrated sulphuric 
acid is allowed to act on a mixture of benzene and oleic acid at a temperature 
below 30" C, the following action takes place;— 

Benttuc. Oleic^dd, Suqitiunc Sulvho-btnreM'Kiearie aad. Water, 

Kid. 

The sulpho-benzenc-stearic acid may be separated by washing the viscous oil thus 
produced with water* In place of benzene we may employ naphthalene or phenol 
and obtain similar compounds, naphthalene yielding, for example, sulpho-naphthalene- 
stearic acid, CiuH[;{HSOjt)CjHH.[r,(X. 

This new series of fatly aromatic acids has the remarkable projicrty of readily 
hydrolising fats into glycerol and fatty acids when htnled with them. The fat, 
previously purified by boiling with dilute sulphuric acid in a lead-lined wooden 
tank A, is pumped into a lead lined wooden tank b, provided with a closely filing 
cover, about one-third of its weight of distilled water from D is run in, and 0^5-t 
per cent* of the sulpbcvbenzene-stearic acid (or similar body) added* Live steam 
IS then driven through the liquid by means of the open coil c, and the boiling 
continued for twelve to twenty-four hours, when the saponification will be complete. 
During the boiling no air must be allowed to come into CK)ntact with the fat or a 
dark coloured product will result; hence the lid of the saponifying tank must ht 
practically air-tight \ also a small steam-pipe should be fixed in the top of the vat, 
so that during all jjauscs in the process any air is prevented from coming into 
contact with the fat and causing discoloration of the fatty acids. Finally, the 
mixture is allowed to settle; the fatty acids separate out as a clear oily layer 
above, and ihe glycerol water below. The glycerol water is drawn off into E, 
and the fatty layer boiled up again with some fresh water foi ancKher Ij^welve to 
twenty-four hours, when all^ the glycerol is extracted. At this stage a little barium 
carbonate mixed with water (r part barium carbonate to 3,000 IVs, of stock) is 
added to b in order to neutralist? acid in the fat, and the boiling with steam 
resumed until the fat >ts neutral to methyl orange* Finally, the mass is allowed 
to settle^ md the glycerol water drawn off first, and then the fatty adds, whteh 
are* now ready for use. 

The glycerol water in K--amounting to about 66 per cent, of the volume of fat 
—is neutralised by a little milk of lime containea m H, the sediment allowed 
ta settle, and the clear glycerol water pumped into p, passing if not quite clear 

•EnE.Tat., 4 > 74 *T<:S 98 - 
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through the cloth filter ia f. From g the glycerol may be pawed to the evapomtor& 
to be boil^-d^wD and distilled, * 

AdTftntages of the New Process,—!. The great dniplicUy of app^tui and operations. 

S, The glyeerol water drawn off front the fat h very rich in glycerol ^ yielding when boiled down 
a very pure product at little cost. 

The DIwlTaiitsgo is the tendency to produce dark coloured ptrodacts^ An apparent improve* 
meat on Twitcheirs original reagent, Ixith m respect to the lifter colour of the fatty adds nn^uced 
and the amjdler amount necessary for sapunlficatton, is the OUTtnng^ saponifier (English Patent 
749, 1913; f^erman Patentf August 1911, V, 9,847)1 placed on the market by the Vereinigte 
Cbemisdic Werk&A.G.^ Charlottenhuig, and Geo. Ilaller & Co., of Liondon, 

Othor Ptioceasea u SapomficaunD,—Colloidal meuls platinum) readily hydrolise 

fats (see Jmrtt. Chtm, Industry, 1909, 6il), The process promises to devtlop*into a techni¬ 

cally important one, 

Emyn^ contained in mftny seeds also readily and spontincousiy hydrolise fats at ^ordinary 
temperatures into free fatty adds and glycerol, For further infonnation sec Jmm, Chent, 



Jndttsiry, 19p6 (25), p. 994 (Fokin) i 1905 (=4)i 977 (E, Hoyer); 1904 (23), 327 (Nicloun). 
NicloUK states that the enzyme contained in to kilos of crushed castor seed which has been 
eatracted with castor oil is able to decompose i,ood kilos of fats and oils in Iwenty-fbur hours at 
ordinary temperatures. The fats are stated to yield excellent light coloured s^wps. 

HasM and Gaielli (English Patent, 12,210, 1907) saponify fats with ammonia under pressure, 
thereby producing ammonia snaps and glycerol. The ammonia soaps are decomposed by steam, 
the amm^ia hrf^ig boMed off, condensed and used again, lire free fatty aeids float on the surface 
of the glycerol water, and may be »eparatcd by deamtation. Since the .ammonium salts of oleic acid 
are first decompwd it is possible, by stopping the lw>iUng with^Ateam at the right point, to first 
separate the olcScViid, and then, liy continuing the boiljng, to separate the .stearic and other acids. 

In the Patent No. 9,758, 1908, they saponify with 0-5 per cenL of ammonia (which acts caU- ' 
lytkally in the process) with steam at i3q*-l6o“ C, under 3-6 atmospheres for ei^t hours, and 
immediately leparate the resulting very pure glycet waters w 6'’'7“ Be., Sec also Patents 24)®3^ 
«id 24**37.‘908* 

Distillatioa of the Acids.—A typical still used for this purpose is 

shown in Fig. 74, The melted fatty acids are run from the starve tank « into the 
large copper still a, which is usuaKy heated by direct fire to a temperature of about 
260“ C,, while steam which has been heated to 26o*'36o* C. in the superl^ter u 
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L fhA msss of hot ifltty scidSi &tty Acids djsti]*ovcT 

iJntoTJ^JeJl'ftpper condensers d, d, d, the liquid acids rundng^m them dow 
into copper coiJs a cooJed by water iti the wooden boxes K, K, K ; from these coils 
they are drawn ofF^ according to quality, into separate tanks* f is an auxiliary 
condensing arrangement, situated out of doors, for condensing the lighter portions 
of the redistilled tar* A water aspirator contained in f carries the fumes into the 
tank G \ uncondensed vapours pass off through h, and are suitably disposed of. 

About iBjOoo lbs. of fat may be distilled continuously, the volume in the still 
Ixung kept constant by the continual introduction of fat from the storage tank u 
in proportion as the volume jn the still decreases during the distillation. 

Palmitic acid first distils over, then stearic and oleic acids, and finally lactones 
and hydrocarbons. Ibe first distillate (S6-95 per cent.^pf the whole) is white in 
colour, and may be pressed at once for conversion into candle material. 'The later 
fractions, which are rich in bodies produced by the decomposition of the fatty acids 



Via. 74,—iTant (or llistiJlation of Pally Acids. 

r 

—such as lactones and hydrocarbons—are returned to the storage tank M and 
redistilled. The black residue (liquid when hot, solid when cold) which finally 
remains in the still is known as candle pitch, and is run off through the ouilet 
pipe h; it is used for making insulating material for electrical machines, for water¬ 
proof paper, ^ a lubricant, and as a constituent of black paints; it forms about 
2 per cent, of the charge. 

The United Stales in 1910 imported 4,363,000 lbs. of candle pitch {vAue, JifopOcOi; of which 
i,I 70 ,oi» lbs. came from the Unitcfl Kingdom, 

Process of Pressing the ,Fatty Acids.— The fatty acMs, purified as 
described above,^ arc now run into a series of shallow tinned iron trays arranged 
one above the other in racks in a cooling room, which is artificially maintained at 
such a terdpci^iture that the fatty acids crystallise only very slowly during ten to 
twelve hours, so that the crystals of stearic and palniitic acid formed are large, 
and thus allow the liquid oleic acid, retained between,them and forming the mother 
liquid out of which they (^tolHse, to be easily expelled by pressure. 

' The cakes of fatty acid thus obtained are Wapped in cloth and subjected to 
a hydraulic pressure of 350 atmospheres in the cold. Then they are pressed at a 
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tempwture of 60* C. in ^ “ hot press,” one steam jacketed so as to allow the, 
pressing to-t^ke place at this temperature. The white hard cakes thus obtained'* 
are remelted'ariB. clarified, when they are ready for use. 

The expressed okic acid, commonly called “red oil," is usually cooled, when a 
further^separ^tion of solid stearic and palmitic acid takes placcn This is separated, 
and the mother liquid, consistinjg of impure oldc acid, is used as a wool oil or as 
a stock for textile soap, 

Meltilig Points of the Fatty Acids.— These are important for their 
commercial valuation:— 


M,P. H-P, 

Oleic , - ^ - 4'' C. Klaidic * - - * 51“ C-* 

Oxyste^ric ■ - $ ■ S4‘’-S6‘'t'. Slcaric , - - . 6^^ C. 

Isa-oleic ■ ■ 44*-45“ C. l^lmitic , - . fa’ C. 


4 

Process of Candle Moulding^.—Candles consist of cylinders of wax or fatty 
acids surrounding a wjck lying true in the centre in order to avoid unequal burning. 
These wicks are made ‘ 


of cotton threads loosely 
])laited together and 
soaked in a solution of 
boric acid, potassium 
nitrate or chloride, and 
ammonium chloride, 
sulpbal^, or phosphate. 

The plaiting causes 
the wick to curve when 
burning, and thus they 
fiurn away at the ends 
w^ithout causing the dame 
to smoke. The chemical 
solution vitrifies the ash 
of the wick, and the 
minute glassy [urlicles 
dropping oif from the 
bent wick leave the end 
free fbr the melted fat 
to ascend to the point 
where combustion is 
taking place. In the 
absence of this chemi-^ 
cal treatment the wick 
bums off short in the 
flame' and causes 



rio. 75-—Modern Caudle-Moulding Machine, 
(From J. CalderwQod'ii "Manufacuire of Caudles," p. 15.) 


persistent guttering. Stearin or paraffin candles are moulded in special machines. 
Fig, 75 represents an ordinary candle machine capable of moulding ninety-six 
candle? simultaneously. It consists of a battery of moulds contained in an iron 
tank A, through wbifih warm or cold water can be passed as desired in order to heat 
or cool the moulds. Each mould (the construction of which is shown in Fig, 76) 
is made of polished tin, sometimes backed by iron, and thiversed by a piston which 
can be raised or lowered so as to force the candle out of the mould, 'Fhe wicks 
are wound upon the bobbins D (Fig, 73), and pass up the piston rods B accurately 
through the centres of the candle moulds > shown in Fig. ,76, and end in the 
candles from the previous “round,” which are held an exact positioA'in a special 
clamp. To use the mochinte hot water is first driven through the box containing 
the moulds so as to heat them to a suitable tem(>erature \ next the melted wax is 
poured into the trough, and rfot onlg completely fills the moulds, but jeaves a suffi- 


I^wkowittch giKca 44'S“ w the correct M.I^ 
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pient surplus in the troughs to allow for contraction of material on cooling* Next 
;he hot water is replaced by a stream of cold, which rapidly chills the mpulds, and 
the candles solidify* The wicks of the candles held in the clamp al^ve therirough 
are nowcutj and the previous round of candles carried away for packing* The 
excess of candle materia] in the trough is now removed by means of a shitablp tool, 


4 


Candle 



Fifi. 76,’-Section of Caiidle Moulds- 



CjSndleMoak i 


the emptied clamp replaced over the trough, and then, by operating the handle, the 
pistons B are pushed up the moulds, thus forcing out the candles into the holder 
or clamp n* The wicks are drawn up with the candles, so that, immediately after 
the withdrawal of the first lot of candles, the pistons arc lowered and another charge 
Of wax poured, into the moulds* When the surplus material in the trough is suffi¬ 
ciently solid, the wicks above are cut a speqal knife or scissors, and the clajnpa 
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coDtaining the candles are then lifted away, and the candles ejected info a rack or 
other conv^ient place. ' After the clamps have been replaced upon the machine 
the operation*is continued until, ultimatdy, the bobbins d , which contain sufficient 
wick for several hundreds of candles, are emptied, when they are either rewound 
or rG|tlaced'by others. 

A gr^t Advance on theu machmea is Tcprcscnted by Cowlea* Multiple" candle-moulding 
mucblnet, which enormously increase the output And effect u very great economy of labour, water, 
Rteamr and floor sjiace; thus while by the uso of a small c^le machine such u that just 
described ninety-six candies can be produced at one operation, by the use of a mul^le machine of 
the same sire nt> less than 3^ candles cgin be pn^uced at one o^ration^ The Multiple" 
machine is capable of producing no less than 51S candles at one Idling, fllling three times an 
hour, and producing per week of fifty-five working hours no less than 90,000 candles. It is fitted 
with patent swing-over clamps for holding the ejected candles, depositing them in a V-shaped Iray 
attached Jo the clamps. ^ 

** Seif-fitting” candles have conical fluted ends by which they niay be fitted 
into any candlestick fvithout scraping or paper. Being tapered at both ends they 
cannot be producetkin a single mould. 



Fir;. 77,—Durpltt's Machine for Moulding Candles with Self-htting Ends. 
(Hy the courtesy of Tnoe’s Patent Candle Co,) 


The arrangement used by Price's Patent Candle Company and patented by their Mr Dorpilt 
is shown in the figure. The cap A, which forms a tfuted conical butt, is in halves, each 
supported on wire springs b, which [lass down recesses in the mould. When the candle is forced 
out o^ the mould tnese halved caps also rise a little, and .springing a|>an they allow the enlarged 
liutts of the candles to pass through ^ these are received in clamps c, and held in position over 
the oenttes of me moulds until the ncxl lot of eindles has solidified round the wicks, as iri the 
ordinary “plain end ” machines. , 

In some fornis the conical ends are made by means of a movable top bed, fitted with moulds 
for these butts. • , 

Usually a little paraflrin is addetl to the stearin in order to render the waif less liritlle. Also to 
parafTm candles varying ainounls of stearin are ''dfled far similar teasons. Siooe low melting 
candle material is much cheaper than high ueltin^ material, candles are now iqanufhctured wlth^a 
thin exterior of any suitable high melting material, the inrerbr being composed of the cheaper low 
melting material. Special mat^iinery is required ^to perh^rm the moulding, but the candles thus 
produced have the advantage of Iwng very economical to manufacture, and not liable to gutter in 
wming. Of cake together in packing, while the exteriors can lie lettered for advertising purposes, or 
made of any de^red colouas, auen cottars not interfering with the comuustton u the candle. 
Wftx and cerciin candles are not moulded, because tlie wax at the moment of moulding^shrinks 
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vtmy from ih« mould! alto the]! uu'efc to ti* lotat. Thick *Ital'eWifto are awlyil^ 
pwing molten wdjf down a wjck huwji^ vwticallyy and then rolling between iwuas^ bniaJJer 
candles of the itamc matenaJ art made hy anvin^ the wfckJt repeatedly through jqfltwwiU ddU] 
uf the proper sice- Bv miKtng beeswax with vaiyrng proportions of paraffin and eteanc acid it is 
possible to mould it liuc ordinary eandles- 


Cotonrin^ CuuUoB.—The candle material is usually coloured, before mouldinc/with organic 
colouring matter, the best torts beJn^ those soluble in alcohol, since they affect least the burning 
power or the candle. The stearin is melted at bj" and the dye stirred im TTtequantity Yiries 
Estween 0-05 and O'OI per cent., of the weight of candle material Mineral colouring matters canne 
the candles to bturn badly, while many anilme dyes fade rapidly when in contact with the itearic 
acid. Good results are obtained with the following dyes; sndan IV,, (leiin, rose bengal* 
rhodamitL Ki/Ano-^’Chinolin yellow, anramin. ffrrwr—acid green, Victoria ^een* J/we— 
indulin, Victoria blue, methyl violet, 

Tranipareat Cudiu for ornamental purposes may be made In a variety of ways, (i) Jf 
100 ^ts of paraffin wax be melted at 80 -90'' (I with a purts of It^te-naphthol, a material is 
obtained which remains transparent on moulding, (2) WraOin wax, 70, stearin, '15, and 
petroleum, 15, melted together, give a low melting point transparent candle maArrial, (3) ^^laffin 
wax, 90, stearin, 3, and petroleum, 5, give a higher melting palm material srmewhat less tiBruparenl 
than (2). ^ 


StotirtictL—Tlje value of candles imported into the United Kingdom in iQlo was 5,600 cwL 
(value j^i4,^00 ); exported were 292,000 cwL (value jf48Sp®»). 

The United States in the same year imjiorted t6o,ooo lla,, value 126,000, and exported 
G*3i5*ooo Ihs,, value |244.<xxx 


Manufacture of Candle Material from Waste Oleic Add.— Oleic 
acid, expressed from the stearic and palmitic acids used in candle-Tnaking, Is a 
viscid fluid quite useless as a candle material Many attempts have been made 
to turn it into candle material, hut only the first [irocess described has met with 
any measure of comoierctal success/ 


I. The Conversion of'Oleic Acidj^into Hydroxystearic Acid.— Oleic 
acid is dissolved in distilled petroleum B^.), and cold concentrated sulphuric 
acidt run in, the temperature not being allowed to increase beyond 40“ C, The 
following reaction takes place; 

.rooii 

H JiijSn, rr 

N).SfIuC>H 

Oleic AtiUJi* Sul|jhuriic SuliiLufiiEbrk acid, 
aciiL 

CO 

Ci-ligaaiOlI I H„SO, - (:i:lI.H<: \ H H.SOj 

N O “ * 

Oleic bcitl. Sulphuric Smrolictone. Sulphuric 
acid. acid. 


Next, live steam is blown in, whereby the sulphosteaiic acid is decomposed, thus;— 

>COOH /;tiOH 

C„Hm< + H.X) = C„H3 ,< + JJ.SOj 

'O.S(\nH ■ X 5 H 

nSulpbosJUaric acul. Water. H^nutyiteoiic SulphuHc 

acid. acid. 


The steam-heated mass is allowed to stand, and the water and sulphuric acid, 
sinking to the bottom, are drawn off. The remaining mass is extracted with ^hot 
petroleum naphtha,! which dissolves out the hydroxystearic acid. On cooling 
the petroleum the hydroxystearic acid separates out as a white^ma^, whi'ih is 
Altered, dried, and pressed 

Fifty per cent, of oleic acid is thus converted into hydroxystearic acid, two 
modifications of which exist—the alpha variety, melting at 77^-85'' C., and the 
beta variety, melting at 81*^5“ C. 

' The filtrate consists- of stearo^lactone and unchanged oleic acid; when it is 

•See “The Conversion of Oleic Acid into Candle Material,'" by Dr Lewkowitich, /ntm, 
Sffc. CAfm. hff.t 1908, p. 489* 

J' Zinc chloride has been alaa ased fur the purpase. 

tU.S. Letters .Pateht, Bo. 773,1*9 —Mh hurtonj patentee; Standard Oil Company, 
MWgnee—;tlth October 1904, 



* * 

distilled the unchanged oldc acid passes ovcr^ and part of the steafo-iactone is 
converted into oleic acfd or iso-oleic acidi thus;— 

yCO 

Ci»n^< I - CnH^CUOH 

^ O 

StetTO'lactoM* 0 \ae ackIh 


The«recovered oleic acid is again treated with sulphuric acid as above described, 
and a further quantity converted into hydroxy stearic acid. It is claimed that by 
this process no less than 85-90 parts by weight of hydroxy stearic acid arc obtain¬ 
able from roo parts of oleic acid. 

Hydroxyslearic acid used alone is not a good candle-making material,,although 
its mehing point is high ; but a mixture of 5 parts of the substance with i part of 
commercial stearic acid is used for stiffening parafhn wax candles. 

* 

For recent tnethodi of convertmE oleic acid into hydroxyslcwic acid by treating with snlphtiric 
acLd» the reader may consult the following English patentsr * 

^,989,1910L—'tmboritx treats benzine bone fat (11465 kiloti) with water (600 kilos) and MgO 
(3 k)lob)in uutcKlavc for eight hours ; blows ont, separates Tatty acifU and Mg soap from the glycerol 
water ; dries fatty acids and Mg Aoap kilos) and treats with 26 kilos of 92 per cent, H^Op 

for one hour; boils with HuO, The iodine number was lowered from 44^9 to 33-2^ giving 12*9 
per cent, of solidified oleic acid, 

10^466, 19041 io,466a, 1904; and 19,938^ ]905.^Drc7niaiui treats the oleic add with 
then csLcrjfics the se|)ar:iied adds with methyl alcohol and separates the pmi- acids by distilling 
rn va^uff their methyl esters (which W1I at a lower tenuperaturc than the Tatty itcids tbemselveslf and 
decomposing them agiiin into methyl alcohol and Tatty adds and su|,icthcate^) hteam, 

24,336 tuid 24,837, 1903.—Barbel Gardli, and Paoli treat the olde acid with concentrated 
HhjSOj, and convert the resulting anhydrides and lactones into ^ids by saiamifying with aminonU 
(Kngli^ Intents, 12,210, 1907 ; 9 , 753 , igoS), decomposing the resuUmg amnionia >ioaps vdtb cold 
water. The amcnoniuin nleaies are more s^dublc in cidri water than the ammonium ytcar^cs, and 
consequently are drawn off in solution from underneath the stearic acid and stearic soaps, and a 
separation is thus effected of the oleic and siLearie aciris, the ammonia soaps iicing finally dccompfi&cd 
by boiling water, the aininonia. recove]rL>{1 and used again, and the Tree fatly add drawn off. 
They claim to oMain from oleic acid about 65 per rent, stearic add melting at 70*" C. 

393, 1902.—Sandberg' treats train rd 1 with and nitrous add^ The nitrous acid ronverts 

the liquid oleic into solitl cluidic acid, 


2. Conversion of Oleic Acid into Palmitic Acid.— When oleic acid is 
fdSed with caustic alkali it is convened into palmitic acid, thus:— 

C|«T1„0. 4 2K(JI1 _ K('„HaA ^ -f IL 

Oleic JUriif. ('inivlii: J'uL.uaiiim Poit&uiuiD liyJinKcn 

builj. I^laiitalc. ADeliitu. ^as. 

On acidifying the aqueous solution with dilute suli>huric acid, the palmitic acid 
is precipitaieil as a white cryslallme mass. C^'indles made of iialmitic acid manu¬ 
factured by this method have actually appeared on the market, but the process was 
not commercially successful, the evolution of iiydrogen making the manufacture 
dangerous, while the candles therusclves possessed an unpleasant smell and greasy 
touSi- 


3. Conversion of Oleic Acid into Stearic Acid —Oleic acid is an un- 
saturated acM, only differing from stearic acid by the absence of two hydrogen 
atoms. Several jjrocesscs have been jjropos^ for making oleic acid take up these* 
two hydiogeti atoms arid become stearic acid according todhe equation: — 

C„UMOK + H3 = 

*^ 01 ex >cid. Hydrogen Stearic acid. 

* 

I 

The processes arc desenbed itt Chapter IX. on the Hydro^nation of Fats* * 
13 
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Produdtioo of Fatty Acids from Hydrocarbons wd Mineral Oilsi— 

A?mintM:al oil may be presumed to possess the constitution 
- H H H 

CllyCC , , ,C< H 
H H 

By absorbing oxygon it is theoretically possible to transform the substance* into 
a fatty acid. Thus;— 

Jl >on 

CIlp.cn,.CILj. ,.CH^C<H +30= CH;,CIJs.CIJ.,. .. CHaCC + H^O 


This has "been successfully achieved during the last few ytars by Gennan and 
other chemists. The technical details of the process art* at present a carefully 
guarded secret. * 
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PREFACE 


In the present volume will be found a concise and practical 
account, based on actual experience, of the modern methods of 
dealing with animal and vegetable oils, including their extraction, 
refining, and auidyais. A considerable amount of the information 
collected together here appears for the first time. Within the 
last few years very great changes have occurred in the methods 
of dealing with oils, and much new and ingenious machinery 
has been invented to overcome difficulties ^hich previously 
appeared almost insurmountable. Great attention has been paid 
to the recovery of oil from waste materials of all sorts, and recent 
methods are given fully in the present volume. The subject of 
hydrogcnaliuii of fats is dealt with very fully in Chapter IX.. 
and some of the details there published now appear for the first 
time in hook form. 

The Author must lake this opportunity of thanking .several 
practical men for valuable information and suggestions. He is 
much iiidelaed to l\lr Wilson, Manager of the CW.S. Bone and 
Fat Works at Foiitefract, for many valuable details; also to 
Mr Dunlop, Manager of the C.W.S. African Oil Works at 
Liverpool; and to Mr J. W. Brizell, Chemist to the above works, 
with whom the Author worked out and patented a refining process 
for coco butter. 

* Mr Schmitt, of the Waste Eliminator Co., of London, was 
kind enough to revise proofs of tlie section relating to oil recovery 
from wa.ste material. 

Mr E. A. Alliotl. B.Sc., A.M.LM.E., very kindly contributed 
Chapter HI,, on the recnv.?ry oil from metal turnings—a subject 
in which he is a specsalist— while Mr Flockton, of-Messrs Manlove 
Alliott, of Nottingham, was kind enough to supply details of 
machinery used in treating various kinds of seeds and in refining 
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The Author also wishes to acknowledge his indebtedness'to 
Mr Alfred ^Mansfield, Director of the Oils and Fats Branch, 
Ministry of Food^ London, for giving official sanction for the' 
printing in full as appendices* to this book the two valuable 
Reports recently' published by his department, namely, the 
Report by the Committee of Analysts on Standard Methods 
of Analysis of Secds^ Nuts and Kernels, P'ats and Oils, and 
Fatty Residues/' and the Reix>rt by the Committee of Analysts 
on Standards of Good Merchantable Quality,” 

Mr Fred A, Lass, of the North Shields Fish Oil and Guano 
Co,, Ltd., supplied valuable information on Fish Oils and Guano, 
Mr Pooley, Mr West, and others of Messrs Scotts & Son, of 
Kingsway House, Kingsway, London, supplied much valuable 
data relating to oil extraction plant, 

. To all these, and others too numerous to mention, the Author 
returns his best thanks. 

The,Author will be pleased to hear from practical men, 
industrial chemists, and manufacturers engaged in the oil trade, 
both as regards any difficulties they may encounter in their 
work, and also as regards any errors or serious omissions in 
the book; for in spite of (»very care being taken it is always 
possible that in every case the best process has not been 
described, or that errors have crept in. Suggestions for 
increasing the utility of the work will be especially welcomed. 


Manchester, igig. 
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MINISTRY OF FOOD 

OILS AND FATS l^RANCH 


STANDARDS OF GOOD MERCHANTABLE QUALITY 

■ 

REPOIW BY THE COMMITTEE OF ANALYSTS. 


Memuers ot' THK Committee of Analysts 


Otto IIkunkk, Esff. 

{Chairman). 
John Ai.MNt Ksq. 

G. Tf. ArFLBVARD^ 
i:. R. Boij'ONj 


J. L. BurHANANt Esf]. 

Alfou Saietjiam. EstjH 
E. VV. Voelckr*, Ksq* 

W* KI-LAKO A^OOLttfTT, Esqn 
{McJisra A' Norman Tate & Co.). 


Standards of *'Good Merchantable Quality" 

the Director of Oiis ami FaU^ Ministry of Food 


CoMMUTiCiL OK ANA),ySTS 

Sir, 

1. In the terms of referunee siiljmiUed to uii by you at our first meeting 
on 13th November igiS^ wc were asked to arrange standard tests for all 
constants and all M'hedtiJes for oil seeds, nuts and kernels, and oils and fats. 
We have already communicated to you tbe results of our deliberation.s on this 
p^inL 

2. Wc now forward for your considcratioJi our rejvjrl Oii the two other terms 
of reference which we have interpreted as follows 

u To determine the ingredients aflbeting the value of any of the scheduled 
articles* « 

iL '['o consider the usual limits of constants for good merchantable quality 
* of the scheduled articles. 

3. Standards for Ve^ctabk OUs^ —v\n (Hficjal Schedule for Vegetable Oils, 
home manufactured, good meri hantable quality, was submitted to us embodying 
a blank schedule for the inserti^jjn of standards and constants under several 
hcadi^s. <Aftcr^ue consideration we decided that although all these particulars 
are otintercst to analytical chemists it would not be [iractically useful to insert 
the whole of^hese in a contract. V/e therefore decided to limit our recommenda 
tions to those characteristics which have an ftnmediate bearing^ on the commercial 
value of the oil. 

• * B 

4. We recommend the following standards ^for oil oT “good merchantable 

quality " on tbe understanding ^ 

i* That such oils shall be free from foots and foreign matter* (A mere 
compliance wfc the^ standard prescribed does not (urnish proof of^ 
purity.) 
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ii. That an aUowance should be made to the buyer or the seller for any 
deviation from these standards. 

The figures are based on records covering in some cases a considerable ptriod 
of years, and have been selected as representing a fair average, and as tending to 
raise rather than lower the existing standard* 

Schedule . 

Oil of ‘‘Good Merchantable (Quality’* shall be free from foots or fweign matter, 
and shall conform to the following standards :— 


Oil. 

Frrcenlmge of 
l'’ree Fatty 
(Oleir, f xcc|;l 
when (TthcrwLc 
jJBled). 

Fern etUage of 
Mo^btUTc niDt 
EKOHdUflg 

a 

PtrCeniagc of 
Un%iip«iiiiiLle 
Matter- 

i ■ 

Qfber Sluidirdi. 

I 

Lmsuan bu,— 

Riw 

Refined - 

2 

1 

0.23 

0.25 

J 

ludihe vaIdc [Wijs], 185 
18S 

Cotton Oil— 

Crude, Indian ^ 

„ Egyptiwr 
Technic*!) 

Refined / 

Common cdihlc - 

' Fine cdihlc 

2.5 

4 

03 

0,3 

o-b 

j f.2S 

^ 5 

' 

CiRoUND-KtiT Oil— 
C^rude 

Fine edible 

4 

O.Ji 

j O-2'j 

1 

... 

SRSAMh On — 

Cinde - r . 

Fine cdihle 

v.'i 

0.15 

} 0.25 

1 

. 

Race Oil - 
t 'rude 

Technical j 

Kefmed ] 

Fine edible 

\ 

] 

0.1 

1 0^25 

. f 

1 

Specific gravity 0.915. 
Viscrtiiiy, Redwood 
Standard. 

^■A^M-KKR^K1. On,— 
Technica.1 

Fine edible 

3 lainic 

0*1 11 

) 

1 

4 


CariOr <Jil— 
Pharmaceuticeil 

Fifbls 

Sectmds - 

r 

1 

4 

1 0.23 

I 

Specific gravity 0.963* 

Soya Oil— 

Crude 

Fine ntible 

. 2*5 

} 0.25 , 

) 

1 

i , Y 

Maij'.k OlL-^ 

Oude 

Fine edible ■ * 

3 

D.15 


1 

f 

Coco-nut 0;ir 

' (TeehnifeaU— 

Cochin quality - 
Ceylon „ - 
Copra 

Fine cdihle * 

'1 . 

2 riAUIlC 

4J 

. OlI 

i 

1 

u ' 

i 1 

i 

\ 

! 

j 

£ 

i 

i 
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S* We realise that.otber considerations actually enter into the value of different 
oils, specialjy those required for edible purposes. There is at present a very gr*eat 
difficulty in defining systematically such qualities as colour, turbidity, and odour, 
but it might be possible eventually to secure such a definition.* 

*6, Setds^ NuH^ and Gmd Mcrehanfable have also 

considered the definition of **good merchantable quality^' in the case of seeds, 
nutSi and kernels. In this case, too, we have selected the figures from records 
which*different firms have been kind enough to make available, and have sought 
to establish Un average which will lend to the general improvement of the l>roduct. 
In some cases where the same kind of produce is imported from widely differing 
sources there is necessarily a good deal of variation. Moreover, produce coming 
from (fie same sourc# is liable to differ in standard from year to year, and at 
different perioc^ of the same year. 

7. We have nevertheless come to the conclusion that it would be a great 
advantage to haVt standards tfiat might be applied with an allowance^ .over or 
below, to the seller or to the buyer, for all kinds of produce. We think that such 
standardisation, even in the I’ase of crops varying so much as cotton seed and 
linseed from place to place and year to year, would tend to the improvement rf 
the produce, and to bolter conditions of storage and transport. We have therefore 
given standards for one or two classes with a view to simplification. 

S. The standards which wc suggest are calculated on the pure produce^ and 
assume that the determination of shell and dirt has already been carried out. The 
question whether the oil content of any oleiferous admixture which is not pure 
produce should be estimated depends on the terms of the contract, and is a 
commercial matter on which wc arc not competent to offer a recommendation. 
As, however, impurities are usually the same kind from llic same country of origin, 
it might be possible to fix an average oil content, if this were required, for the 
foreign oleaginous admixture. 

9. The data in the .schedule which wa propose conform to those already 
adojrted for the West African Contract, but wc liave included data for other seeds, 
nuts, and kernels, which arc not covered by that document. I'he schedule is as 
fallows:— 

Sciieoum: of Standarhs for Seeds, Nuts, and Kernels 


4 

! 

1 Oil C-vaient. 

Eercenla^e of FrLe 
Fully Add^t in 
Kstracttd OIL 

lialtassu - - . . . 

66 

2 {lauric) 

Gtfilor-fieeci .... 

47 

I 

Copra . . - - - 

66 

2 (lauric) 

Cutt[in.se«l, Egyjrtian lypt - 

- ; 22 

3 

,, Indian ,, 

■ ; is 

2 

Dennisced, i^ingelly rir ses-amt 

54 

3 

Dec^rlicalgj ground mils 

■ ■ ^ 4S ^ 

6 

UndcooTticatod ground nut'> ' 

J7 

2 

Lini^ed. 

- - .38 ' 

i'5 

Mowsah - - . . 

■ ■ ■ SH 

kernel - - - . 

■ ' S2 

6 (lauric) 

kapeseefi ■ ... 

■ ■ ' 43 , 

' 2 

Shea nuls .... 

46 

. iCi 

Soya ..... 

17 • 

• f. * 


* We unilcrst^d that a S^-Committee of the Oils and Fats Commiltcc of ihc Food Invest]^ 
l^ation KaaTrl are now considVring ihe of palalabilJty of ediblie oils, and that further 

research into the genenil question is mxontrnplaUon. * h 

t Calculated as oleic, unless otherwse stated^ • 
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JO, Analysis of Fssdtng Stuffs .—The method of analysis of oil calte is pne- 
scri[>ed under the Fertilisers and Feeding Stuffs Act. As the use of^pettoleum 
ether as a solvent has been agreed upon for oleaginous seeds, nuts, and Tcemels, 
wt should lil(e to suggest that the Board of Agriculture be invited to consider the 
use of the same solvent for oil cake on the ground that ether at present prescribed 
as the solvent has a tendency to extract from oleaginous materials non-fatty 
substances. 

II, The schedules referred to us did not include animal fats, but we are willing 
to investigate these if desired. 

' We are, Sir, 

Your obedient Servants, 


(Signed) The Committee of Analysts. 


IJ Un.MTKl! SfJirAliK, E,(:\ 
Mar^h 



199 


APPENDIX II 


MINISTRY OF FOOD 

OILS AND FATS BRANCH 


REPORT (5f , THE COMMITTEE OF ANALYSTS ON 
STANDARD METHODS OF ANALYSIS OF SEEDS. 
NUTS. AND KERNELS, FATS AND OILS. AND FATTY 
RESIDUES. 

February jyig. 

PART I 

' Determination of Oil in Seeds, Nuts^ and Kernels 

j*. EKirai t*^ weighed (|;i:miiiy of the sample prejiarcd for analysis with petroleum 
ether* \i\ a suitable apjmratiis fnr two hours, KemtJve the partially extracted 
material, dry, grind in a mortar {grinding may be f^icilitated by-thc addSfcJon of 
I gm. of fme sand), and again extract until exhausted. If the sample contains 
a large percentage of oil, it is advisable to grind twice, extracting after each grinding. 
Evajioratc off tlie solvent, dry at loo' C, and weigh* In the case of oils liable 
to rapid oxidition, like linstiod, drying should be conducted in an inert atmosphere* 

2. The extracted oil must be free from solid matter and completely soluble in 
petroleum ether. 

3. In the case of woolly cotton seed, special attention must be paid to obtaining 
an^verage samt>lc* I'he seed must either be c rushed by being passed through 
steel rollers and then thoroughly ground in an iron mortar, or well broken and 
ground in a mortar. 

4. i Jwing to the variation, both in the ameumt and composition of tlie oil in 
cross sections of the “ meat ” of copra, it is essential that the [portion taken for 
analysis from the origKial sample be cut from the jikccs at right angles to the rind. 
1'he copra must thereri)rc be reduced hy shrt^dding or grating at right angles to 
the rjnd, or small piect's must he completely shaved down. 

5. In the case of castor seed the clean seed with the shell is ground in a mortar 
which is covered to prevent loss of husk. The extraction mast he more prolonged 
thanks the case with other seeds, and is, as a rule, complete in eight hours. 

PART 11 

Fats and Oils 

6. In the sample of fat or oil the following constituents,are first determined :— 

Moisture 
Dirt, organic 
Ash 

Fatty matterdifference), - 

TOO 

t'cirolcom otht-r, vulatilo without rt^due Bit nr below 60” C. 
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; 7. Upon the clear filtered fatty matter the following determinations are mde 

Acid value. 

Saponification value,- 
Unsaponifiable matter. 

Iodine value, 

8. The estimations and determinations shall be carried out according to the 
methods described below. 


, Moisturk 

9. A'^‘ U " tube, one limb of which is an ordinary nan^W'borc glass tube and 
the other a tube about 3 in. long and from to in, in dianiEtcr (see Hg- 78, 
p. 205), is charged in its wider limb with soft blue Cape asbestos, Vhich has b«n 
dried at lOo'" C. The wide limb is provided with a rubber stbpper through which 
passes,a narrow lube bent at right angles, 'rhe tube, without the stopjier, is 
accurately weighed, susjiended by a wire, and about 3 gm, of the well-mixed 
sample of oil or fat are dropped on it) ihe asbestos, and the whole re weighed. The 
'itopjier is then inserted, and the tube whif:h passes througli the stopper is connected 
with a Kipp apparatus supplying hydrogen, thoroughly dried by i^ssage through 
strong sulphuric acid. 

10. A “ U " tube, such as is used in elementary analysis and provided frith two 
glass taps, is Hlled with glass beads, which are afterwards moistened with strong 
sulphuric acid* Tlits tuber's accurately weighed, after having previousiy been 
filled with dry hydrfigen, and is then connected with the narrow limb of the 
asbestos charged lube, the latter being suspended in a beaker containing water 
kept at a temperature alx>ut 10“ C. above the melting point of the fat. A slow 
current of liydrogen is now passed through the whole. AVhen no trace of 
condensed moisture can be seen in the hgriiiontal limbs of the oil tube and of the 
weighing Lube,Tvhich is generally the case afler one hour, the latter is weighed, 
then again attached, and a current of liydrogen allowed to pass for another hour. 
Minute traces of volatile organic matters, as a rule, produce a slight darkening 
of the sulphuric acid* 

11. The asbestos may advantageously be used in the form of a very porous 
felt paper produced by pulping the asbestos and running the pulp into a centrifugal 
which is lined with linen. 

12. Afi an alternative method capable of dealing with q number of samples 
in one operation, stoppered weighing bottles of about the dimension of the wider 
limb of the “ U '' tube used in the standard method may be charged with asbestos, 
or alternatively, with strips of pleated blotting paper or witli paper pulp, lliese 
tubes are dried in a vacuum desiccator containing sulphuric acid, and kept dt a 
pressure of 2-5 mm. After weighing, about 2 gm. of the fat or oil are placed 
in each lube, which is again weighed, "rhe tubes are warmed till the fat is melted, 
and then replaced into the vacuum desiccator. The air is eiihaustod, aijd the 
desiccator is kept in an .incubator at 20* C. far at least forty^ight hours. UTie 
weight after that time remains practically constant* 

I 

13. The standard method is applicable to all fats and oils, whether readily 
oxidisable, U^e lins^ied oil, or containing high percentages of free fatty acid of low 
fnbiecular weight, such a.s lauric. , 

14. In the cose of fats and oils whiclf are free fron^ uncombined fatty acid and 
not readily oxidisable, the ordinary methods of drying oK sand in a water oven may 
often be used, provided the results arc in agreement with 'those furnished by the 
standavl method. 
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Dirt and Ash 

* , - 

15/ t'he percentage of "dirt" in a sample of oil should be arrived at by direct 
estimation, and not by difference. , 

• 

In the case of a ^sample containing dirt of such a nature and st^te as to 
render it impossible to incorporate the whole of it uniformly throughout the sample, 
the whole of the sample should be strained through a a5'mesh Anrire sieve and the 
solid fragments piclced out, weighed, and separately e^ami^ed. 

17, At least 10 gm. of the thbroughly mixed fat or oil is treated with about 
ten times its volume of hot parafhn oil (keiosene), the insoluble mailer filtered off 
through a weighed filter, washed with hot kerosene, then witli petroleum ether. 
The ^ter ts dried inthe water oven to ^constant weight, incinerated, and the ash 
weighed. « 

i 3 . ^rhe percentage of ash in the strained oil is determined. 

T9. The ash in the insoluble matter in the oil is deducted from thrash found 
in the oil, and this figure is taken as *' soluble mineral matter." 

Acid Value 

Definiiwn. 

2o-/rhe acid value of a fat or oil is a measure of the free fatty acids present, 
and defined as the number of milligrams of potassium hydroxide required to 
neutralise the free fatty acids in i gm, of tlie fat or oil, l/., parts of potassium 
hydroxide which are required to neutralise the free fatty acids in 1,000 parts 
of the fat or oil, " ' 

Chemimh Rfi/uirtd, 

21. (tf) Alcoholic alkali solution, N/io and N/z iKitassium or sodium hydroxide, 
accurately standardised. 

^ (/^) Neutral alcohol, 9^-95 per cent (hy volume), containing 0,2 gm. of 

phenolphthalein per litre. 'J'his may he conveniently prepared by redistilling 
industrial methylated spirits free from mineral oil over sodium hydroxide, adding 
t)fe phenolphthalein, and subsequently neutralising. 

r/ttf TtsL 

22. I'lie necessary quantity of the fat or oil is carefully weighed into a 250 c.c. 
flask, and about 50 c.c of the alcohol are added. I'he mixture is gently boiled^ 
well shaken to ihorci^tghly dissolve out the free fatty acids, and titrated while still 
warm, and with constant agitation, with N/10 alkali till ihe pink colour is permanent 
on shaking for ten seconds, towards the end of the titmtion the alkali should be 
added, drop by drop, in order to avoid excess until tl^e end point is reached. 

23. As a rule, 5 gm. of the sample will be found a suitable quantity, but in the 
carte of refined fats or oils this should be increased to 10 gm. If more than 10 c.c. 
N/io alkali solujjon are required for the test, it should be repeated with N/z alkali. 

'Aen ifX=^No. of c.c. of N/ro solution, 

=weight of fat or oil taken, 

Acid value^^— 

24. In order to express the acidity in percentages of'ole^c the following 
formula should be used 

■ Xxz.Sa 
^Oleic acid per cent - p 

. * * 

25. In the case of fats obtained from tb« ke^rrels of the coco-nut grou^ such as 
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coconut oil^ palni'kernel oil, tucum, babassu, cobune, etc,, ibe acidity is calculaleil 
as launc acid, when the following formula should bo used;— 

Laurie acid per 

Saponiucation Valuk 

Dellnition. 

26. The saponification value represents thc^ amount of potassium hydroxide 
required to neutralise the free and comijincil acid eonstiluents of a fat or oil, and is 
exjiressed in tctnis of parts of ixjtassium hydroxide per 1,000 parts of the fat or oil 

Solutions Rt^uired. 

27. (^I^ N/2 hydrochloric acid, accurately standardised. 

(^)'An alcoholic solution of potassium hydroxide or scxlium li^droxide, approxl 
inately N/2. 

Prepared by dissolving 18-20 gm. of stick potassium hydroxide in not more 
than TO c.c* of distilled water, and making u]i to 500 c.c. with 94'ys per cent* {by 
^^lume) alcohol, which may be prepared as in par. 21 (i). The solution is allowed 
to stand for twenty-four hours, and the clear liquid siphoned off for use. Potassium 
hydroxide may l>e replaced by sodium hydroxide, but this substitution is not 
desirable. 'Fhe alcohol must be free from mineral oil, and of sucli a purity as to 
yield a nearly colourless solution after twenty-four hours. 

(i') An alcoholic solution qf phenctlphtiialein, r jier cent, 
m Test 

28. About 2 gni. of the clear filtered fat are accurately weighed into a 300 c.c. 
flask of resistance glass, 35 c*c, of neutral alcohol added, and 25 c.c, of the alcoholic 

’ potassium hydroxide solution accurately measured run in. A like cjuantity of the 
same solution is run in, in exactly the same way, into a similar flask, together with 
25 c.c, of the neutral alcohol. The flasks are connected to reflux <-ondensers and 
healed, preferably in a water hath, so that the alcohol Imils briskly for thirty 
minutes. The flask containing the fat should be shaken with a rotary movement 
from time to time during the period. 'Me conb'nts of the flasks arc then titrated 
while hot, with the N/2 acid, after the addition of i c.c* of the phenolphthalcin 
solution. 

If;— 

F-gm. of fat taken, 

X = c.c, cif acid rc<]uired in the control experiment, * 

Y - c,c, of acid required to neutralise the excess of alkali in the test, 

, , X-V X 0,02801; X TOGO 

then saponification value —--. 

The saponification equivalent - 

Acid Value and Saponification Value 
Comhinafi&n Method 

^39. ^The aciU y^jlue ^nd saponification value may, if so desired, be determined 
upon the same weight of the sample in the following manner;— 

30, Atrout 4 gm. of the clear filtered fai or oil are accurately weighed into the 
sapoijification flask, and 25 c.c, of hot alcohol containing*! c.c» of phenolphthalein 
Sfilution and previously neutralisetl, are added. 'Plie free-fatty acids are titrated 
from a bui^tte with the alcoholic alkuU solution as used for the saponification value, 
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wanning if necessary, during the titration* 'Hie number of c.c* required by the free 
fatty acids.hjving been noted, such a further quantity of alcoholic alkali as wul 
make a total of 50 c.c* is added, and the process continued, as described above. 

3]. A blank test is made with 50 c,c, of the alcoholic alkali delivered from the 
identical burette, using similar quantities of all the reagents. The exact value of 
the alcoholic alkali having been determined with N/2 hydrochloric acid, the acid 
value and saponification value may be respectively calculated* 

UsSAPOKlFtAFLE MATTER 

32. Unsaponifiable matter in fats and oils includes all substances which are 
insoluble in water, but soluble in the fat solvents specified below after alltiili saponi¬ 
fication of the fats and oils. 

33. Saponify^ gm, of the sample with 50 c.c. approximately normal alcoholic 
KOH, boiling under a reflux condenser for sixty minutes witli occasional shaking. 
Transfer the alcoholic solution lo a separating funnel; rinse the flask successively 
with 50 c.c. of methylated clher^ 50 c.c. of i^etroleiim ether, and 50 c.c* bf water. 
Transfer the rinsings to the separating funnel, shaking well after each addition. 
Allow to separate, and withdraw the soap solution. Repeat the extraction of the 
soap solution twice, using ether and petroleum ether as before, omitting the treat¬ 
ment with water. The combined ethert^al extracts are washed by shaking with 
slightly alkaline water, allowed to settle, and rim through a filler into a tared flask* 
Wash the filter with ])etroleum ether, distil off the solvents, dry at 100” C-, and 
weigh the unsaponifiable matter. 


biijjfji: Value 

34. Rtpnred: — 

(^) Lidim Solution, 

35. This is conveniently prepared by dissolving 7*5 gm. of iodine trichloride 
in acetic acid (minimum strength, 95 per cent,), and solution may be hastened 
by warming on a steam liaLh, When dissolved, add to the solution gm. of 
re sublimed iodine, assist solution by heating as before, and make up to f,ooo c.c. 
with acetic add (95 per cent.). The s^ilution is standardised by means of a blank 
tesr,carried out at the tiine that it is used, which should be at least twenty-four 
hours after it is made up. If the solution is healed fora short lime by immersion 
in boiling water, it may be used immediately after cooling. 

{i) S&dium ThmiiJphite Sohithn, 

36. Dissolve 24.8 f;m. of the pure salt in one litre of distilled water. It is 
advisable to add 0.5 gm. per litre of sodium bicarbonate to the solution as a pre¬ 
servative. , I'his solutitm must be standardised by titrating it against pure dry 
rcsuljlimcd iodine, but where this Is inconvenient, the iodine may l>e liberated from 
potassium iodide by a known amount of potassium diebromate in the presence of 
hydrochloric acid. As the oxidising value of i>ofcis&ium dichromatc does not 
always corres[)ond accimitely with that of an equivalent amount of iodine, the 
potassium dithronJtile to be ustxl, a,s described below, shall first be set against pure, 
dry iodine. The titration is carried out as follows:— . 

Weigh o.a« gm. of pure recry.stahised into a 200 c.c. stoppered bottle, 

dissolve in 25 c,c, distilled water, add 20 c.c. to per cent, potassium iodide solution • 
and 10 C.C* pure HCl, moisten the stoppe'- with the K1 solution, and allow to stand 
five minutes. Wash down the stopiier wnti distilled water, dilute tp^ about 100^ c.c., 
volume, and titrate the liberated iodine with the sodium thiosulphate*solution, using 
starch solution as indicator* A blank test lising the potassium iodide solution and 
hydrochloric acid alcme-sho^tld be carried out, and the necessary deduction, if any, 
made from the previous litration. < 

0.2 gm* KyCr^jO; = 0.5^ 768 iodine. 
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Potassium Iodide Solution^ 

37, A 10 per cent, solution of the pure salt in distilled 

(i) S&hent 

3S. Chloroform or carbon tetrachloride to be used as a solvent for the oil A 
blank test on the solvent must not show an absorption of iodine equal to more than 

c.c< of the thiosulphate solution. 

(^) Starch S&tuHon^ 

39. Use a 1 per cent, solution of soluble starch. 

Method 

40. 0.15 to 1 gm. of the sample is weighed into a wide^iiccked stopperc^ bottle 
of about 200 c.c. capacity. 0.15 gra of a strongly drying oil and ^ proportionately 
larger amount for oils or fats of lower iodine value, up to approximately i gm, for 
such fats as (^oco-nut and the like. Dissolve the weighed quantity of fat or oil in 
10 c.c.^of.the solvent {d) and add 25 c.c of the iodine solution, moisten the stopper 
with potassium iodide solution, and allow to stand for one hour. In the case of 
Jats having a very high iodine value like linseed, allow to stand for tliree hours. 

41. After standing, wash the stopper and neck of the bottle down with 15 c.c. 
of the 10 per cent, potassium iodide solution, mix, and add 100 c.c. of distilled 
water, and titrate the excess of iodine with the sodiutn thiosuljihate solution. 
Towards the end of the titration, add about 3 c.c. of the starch solution, and shake 
vigorously after each addition of the thiosulphate solution until the contents of the 
bottle arc colourless.' 

43. A blank kst using jo c-c. of fat stilvent and 25 c.c. of the iodine solution 
must be done with each set of estimations, or at least once daily- 

43. The result is expressed as per cent, of iodine reacting with the fat. 

44. Where a large number of liquid oils liavc to be tested, 11 may be 

convenient to weigh them by drop}>ing them from a small lifiped tube and ascer' 
laining the weight taken by difference, while solid fats can be arranged in small 
cubes on a surtabJy s/zed glass jilate and picked up wicfi a pin winch has been tared 
along with the whole; in this case also the weights the successive pieces are 
determined by difference until the last piece has been weighed. * 

Specific Gravity and Viscosity 

45. In cases whore it is desirable to determine the specific gravity or the 
viscosity of an oil or fat, the specific gravity shall be determined by the ordinary 
standard methods, and viscosity by the Redwood Viscometer. 

Titrz Test 

46. In cases where it is desirable to determine titer, the method to be adopted 

is that prescribed by the Seventh International Congress of Applied (Chemistry. 
This method is given in full in J. J.£wkowitscir.s “ Chemical Techmjlogy of Oils 
and Fats,” s^b Kdition, 1313, Vol. I. * 

PART III 

Fatty Residues 

Evaluation of Soap Stock, Acid piLs and li'ATTv Acids, Cotton Oil, 
Black Grease and Mucilage 

t 

47. A weighed quantity of the sample (sufficksnt lo^giAta from i-a gm. of fatty 
extract's introduced into asepar^ting Qask (set^ Fig. 79), 10-30 c.c. of hot water 
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are added, followed hy one drop of methyl orange and a sufficient excess of hydro¬ 
chloric acid to ensure the decomposition of soap. Five gm* of salt are added, eiid 
the ipixture Is heated gently until the acids separate in a clear layer. 

48, The contents of the flaslc are allowed to cool to about 30“ C., and ao cx. 
of petroleum ether, and the liquors are gently agitated, and water is added until 
the junction of the water and ether rises to the bottom of the centre constriction. 
When the separation is complete the ether is blown off by means ofa siphon and, 
if necessary, filtered into a weighed Hask j 10 cx. of petroleum ether are introduced 
into the separating vessel, and again siphoned off. Two further portions of 10 cx. 
of petroleum ether are then used, and in these latter cases the flask is closed with 
a stopper, and gently inverted two or three times after each addition of ether, 

494 The mixed etH^real extracts are distilled, and the residue dried at icd C. 
and weighed, ‘ 
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Castor oil, 56, 57, [30, 142, i4S» i 54 , 

“ soluble, 131 

Castor seed, 43,5fi, 57, i9f> 

— extraction by solvents, 57 

— pressing, 56,57 

— cake, 57 

Catalytic metals (see Metals, catalytic) 

— nickel (see Nickel) 

— poisons, 99 

— theory of driers, 135 

Caustic soda, treating oils with, 84, 85 
Centrifugal oil Alters, 83, 84 

— oil recovery machine, 33-2S 
Ceresin candles, j9t 

Ceryl alcohol, 140 

Ccrotic acid, 4 

Cetyl alcohol, 140 

Charcoal, oil bleaching by, 79,90 

Chemistry of driers, 133 ' 

Chicken food, 201 ■ ' i 

Chifla clay oil, refi^^ifife by, 79 
Chinese lacquers, t36 

— vej^able tallow, 129 

— waxv 14 C^ 155 
-*i wood oil, 132 


SUBJECTS 

Ctilorhydro carbon^ 66 
Chlorine, action on'oiLs, 80 
Chloroform, solvent, 65 
Cblarophyll in fat, 19 
Chocolate fats, T2I, 129 
Cholesterol, 122,140* iS5 
Chums, 166 
Coco, 59 

Coco^ butter (see also Cacao butler), 59,1291, 
142,146, 151 

— substitute, 12T i 

Coco-mii oil (also Cocoa-nut oil), 59, 60, 
( 32 , 129, 142, 146, 151, 153, 154, iS 7 » 
' * 5 ^ T7S, i 76 

— detection in margarine, 175 ; burdening 

of, J 32 ; manufacture, of, 59, 60; pro* 
perlies of, 129, T46, 151, IJ3, 154, 

*S7> 159; silver salts of acids, 176; 

volatile fatly acids bf, *76 
Cod-liver oil, 31, 143, 14^ ^53- i 54 » '57 

— manufacture of, 31 

— properties of, 142, 146, 151, 153, 154, 157 
Cold, action on oils, 79, 93, 93 

— extraction by solvents 66, 67 
Colloidal metals, saponification by, 187 

— platinum, saponification by, (87 
Colouring, of butter, 167, 16K, 169 

— ofmargarine, 175 

— of oil doth, 13S, 139 

Colima oil, 23, 6 t, 131, 151 

— properties, 131, 151 
use as lubricant, 33 

Ct>Dker, for fish offal, 32, 33 
Cooling oils, 79, 92, 93 
Cooper-Hewitt mercury lamp, So 
Copal, 13^^ 

Copper, catalytic, 100 
t:opra, 40, 42, 43, 59, 60, 197 

— “ crushing of, 40, 60 
' drying of, ^ 

— manufacture of, 59* 60 

— pressing, 6a 

- reduction of, 42, 43, 60 
Cork carpets, 13S 
Corn oil, 132 
Cosmetics, 129, [41 , 

Cotton^seed, decorticating, 55, 56, 57 

— delinling, 55, 56 
™ husks from, 55, 56 

— pressing, 55, 56 

— treatment for oil, SS? 5^ 

— yield of oil from, 56, 196 * 

Cotton-seed oil, 23,55,56, 121,122,123, rjj, 

142, M 4 , ISI1 * 53 » TS 4 , 157A96 t 

— hardened,(21, 122 

— manufacture, 55, 56 ^ 

— properties, 13], 142,144, 151, iS3»iS4ii57 

— test for, 123, 131, 196 

— use as lubricant, 23 

Cowles’ multiple candle-moulding machines 
i 9 ( 

Croton oil, r;^ 42, [45^ iS 7 > I 59 
Crotonic acid, y 
Curcuma. 167 ^ 

Cutting ttiacbine*for'organic refuse, iS, 19 
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D. 

Daitring^sap^Lfier, 187 

DataciT)f4 

De M lily’s sapanificati oil process, 1&7 
DecortLcatitlg cotton sscd, 55, 56 
machinery, 42 
Degms, 31, 128 
Delintin^ cotton seed, 55 
DemargAiation of oils, 92, 93 
DeodoHsatioQ of oils, 79 c/ 

Digesters, for fatty acids, 184 
Diglycerides, ^ 

Dirt in fat, esttmation of, 156, 20L 
Disintegrators, use for cipra, 42, 43 
Distillation of fatty acids, 187 
Distilled greasCj^j, lat 
Doegling oil, 140 * 

Dolk^t&:^ sojai^ 132 • 

Dolphin oil, 142, [47, 158, [59 

Driers, 133, 134, [35 

Drying oils, 127,132 142,1441 

— detection of, 162 

— differentiation from fish, 162 
Durpitt’s candle-moulding niachine, [91 

' , ‘ E 

Earth-nut oil, 130, 142, 145 

Edible oils, deodonsaiion of, 85, Sfj, R7 

— hardened, 121 

— purification of, 85 

-- refining plant for, S6 
Klaeomargaric acid, 5 
Klaeostearir acid, 3 
Elaeostearin, 5 
Elaidic acid, 193 
Klaidin test, 162 
Elaine, [74 

Electrical discharge, iiifluencG on hydrogen, 
* too 

Electrolytic hydrogen, 101 
Ois oil hardening process, i \j 
Enamels, 131, 135, 136, [88 
Enzymes, saponificatioi' hy, 187 
Erdmann process of fat hardening, Z17, t iS 
Ester value, 154 * 

Ether value, 154 
Ether, solvit, 65 

E:^raction plant, loss of solvent from, 6f], 74 

— method of working plant, 73, 74 
E%traction process, comparison with oil 

•pressure process, 75 

F 

Fat, IT, M, 1^20,90,92,128, 14=, i 45 » 15I1 
JS3, 156, 166 

— bone, j6-3o, 90^ 12S, 142, 145 
butter, 142, 146, 15^ t 66 
dirt in, estimation of, 156 

— from camp waste, i6’2o 

— from carcases, u, 14^ i6'2(/ 

— from food scraps, 16-20^* 

— from garbage, 14 , 

— from kitchen waste, 15-20 


Fat from offal, 14, 16-20 

— from slaughter-house refuse, 16*20 • 

— goose, [28 

— hors^ 128,153 

— melting point, determination of, 153 

— recovery from Fuller^s earth, 92 

— rendering plant for, 19 

— turbine-centrifugal extractor for, 16-20 
Fats, action of alkali carbonates on, 6 

— action of ferments on, 7 

— action of steam on, 7 

— classification of, 127 

— difference from oils, 4 ' 

— edible, deodorisaiion of, £$, $6, £7' 

— free acid in, 5 

— hardening of, 97-123 

— hydrogenation of, 97-123 

— nature of, 4 

— ocprrence of, 3 

— oxidation of, s 
properties of, 5 

— rendering of, 11 ^ 

— saponification of, 5, 6, 7,183,184, ifiG, 1S7 
-- statistics of, 6, 7 

— synthesis of, 7 

— unsaturatetl, 97 

- varieties of, 127 r/ xcg. 

Fatty acids, distillation of, (87, [8S 

— in oil, 79, So ' 

— list of, 4 

manufacture of, iSj ei .si*g. 

— melting points of, 144, [45, 146, tbQ 
1 — pressing of) j88, 1S9 

— production by I'snzymes, 187 

— production from mineral oils, 194 

— properties of, i 44 i idfi i 47 » '53 

— Twitchdl’s processes for, rS 5 

— volatile insoluble, j6o 
Fatty aromatic acids, l 85 

Fatty oils (see Fats, Oils), analysis of, [51 
ff xfg. 

Ferrous sulphate, action as drier, [35 
Fibre, estimation of, in fat, 156 
Filter cloths, 81, £2 

— plates, 82, 83 

— presses, So, 81, S2, £3, 109 
Filtration of oi)> 24, S0-B5 
Filters, oil, 83, 84. 

Final crushing rolls, 42 
First distilled grease, 141 
Fish guano, 32-36 
Kibh meal, 32-36 

— ash of, 34 

— chemical compuaition of, 34, 35 

— injuTiDus affect of oil in, 35, 3 ^ 

— manufacture of, 32, 33, 34 
oil in, 35,36 

— use for cows antfpigs, 35, 36 

— value as Wod,^ 

— white, composition of, 35 ^ * 

Fish'oils, 23, 31-36, ill, 123, i 27 ,‘128; 1421 

146 " 

— action on lather, 128 

— deodorisation of, t2i 

- differentiation fromldrying oils, 162 ♦ 




212 


INDEX TO SUBJECTS 


Fish oilst extraction by solvents^ 33 
< - bftrdcbmg o/t 123 
manufacture of* 31, 33-36 

— nature of^ 127,138 

— properties of, 142, 146 
use as lubricanlSf 33 

Fish offah 32 

— solvent extraction of, 34, 55 
Fish steann, 12& 

KEuarideSf in butter, tests for, J70 
Food scraps, fat from, t 6-30 
Formic aod, 4 
Fontiin, 4 ^ * 

Free ihtty ^ctfls, determination of, [53 
FulleFs earth, 79, 90, 91, 92 

— fat recovery from, 92 

— oil bleaching by, 79, 90, 91, 92 

— pfant for oils, 91 

G 

(Garbage, fat from, 14 
X^aguUy, 197 
(»lyccrifie (see Glycerol) 

Glycerol, 4, J83, [84, 185, i86 
Glyceryl sulphate, 185 
Choose fat, 128 

Grape-seed oil, [30^ 143, 144, [45, 146, 147, 
.tSi»JSa 

(iiease, distilled, 15 

'— wool, 14, 15 (see also Yorkslmc greaiie, 
Itradfoi^ grease, Wakefield grease) 
(Jrcen oil, 141 

Ground-nut oil (see Arachis oil) 

Ground nuts, 40, 42 
Guano, fish, 32-36. 

H 

Kalphen test, [23 

Haroencd fats (sec also Hydrogenal.jGn rd 
fats) 

— difference from natural, I2r 
for transport, 121 

— tests for, 122-123 

— uses of, 120^122 

— varieties of, k!2 

Hardened oils (see Hardened fats) 
Harger-Terry hydrogen process, lor 
Hehner value, 142, jS4i ^58,167 
Hempseed oil, J32, [42, 144, iS 3 j *57 
Herring guano, 35, 36 

— oil, 31, 32, 33 
Horse fat, I2B, 153 

— fool oil, 128 

Hot extraction bv solvents, 68 ct jc;. 

HUbl's iodine value, 157 - ^ 

Hyienic acid, 4 

H^raulic plant, for oil mills, 47, 48 

— presses, for oil exprb^sion^ 45 
“ pumps, 48 

100^ foi^,io^,'je4, 105, ii^ ni, 

— active, 100, jiS 

— comwessors for, 111 

— disAciation of, [oo, viB 
-»■ electrolytic, 101 ' 


Hydrogen, Ifanjer^Teny process, loi 
' — influence of chemically actiyo rays on, 
too ' ' ' 

. — influence of electrical discharge'on, too 

— iron-sponge steam process for, loi, 103, 

105, no 

; “ Lane process for, Tor, no 

— manufacture of, loo, lor, 103, 104, to$, 

no 

— Max ted process for, loi, 103 

— processes of manufacture,' loo, roi, 103, 

[05, 1 \o 

— volume reituired for hydrogenation, 100, 

101 ^ 

: llydrogen peroxide, bleaching oil b(r, 90 
■ H ydrogenation of fats, 97^^ 23 

— activity of nickel fatalysL, joo 

— licdfora-Erdmann process for, i [7 
— Calvert process for, 1J7 

; — comJilkms of, 99, lOO 
costs of, j rg, 123 

— difference between hartlcned and natural 
; fats, J2I 

— dry protesses for, lor c/ sc^. 

Ellis oil hardening process, j 

! Erdmann process for, i iB 
1 — gaiicous processes for, 119 

— harilcned edible oils, i2t 

-- hardening for transport, 121 

— industrial processes for, joi 

induciice of catalytic poisons on, 99, [oo < 
influence of piessnrc on, 98, 99, loo 

— Xay>er process for, 113, 114 

- Lcsilng process for, M9 

— Martin's* process for, [|j, 112, 113 

— mixing of hydrogen and oil, 99, 100 

— - Norsk Hyderings process for, J iB, 119 

prindpiil oils haidciicd, t22 

— ^hukoff ]>rocess for, 1 ly 
temperature of, 99, 100, 102, [03, jqf), 

10H, [ 19 

— Testmp's apparatus for, 115, 116 

- tests for hardened fats, TJ2, J23 

— theory of* 98, 99 

— lime of, ro6, 109 

— uses of, 120-122 ■ 

— velocity of, 98, 99 

— wet processes for, 

— WiJbuscbcwitsch process for, 113/114, 

— Wimmer-Higfgms process for, nB 
Hydrogenation of oils (see Hydrogenation 

of fats) 

Hydrogenising autoclaves, laS 

— Maxted^ 105 

— factory, plan of, ro? 4 
Hydroxy steam add, 192, J93 
Hypogieic acid, 5 

I 

Impurities in oils, 79 
• Insect wax, t40.‘ij4j IS 7 
Insoluble fatty^ids, properties of, 144,145, 

— tests for, 143, 144, IJS, 159, lOOi j6i 
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Iodine values, 133, 133, ij;, 143,156-15®, 16; 
--- deterinination of, 157, rsS^ 303 
“ effect Wh^droficnation oti, 132, 133 

— importance of, 127 

— of Dutter^ 167 

— o^oils, 127, 143, 156-158 
Iran, catalytic, JOO 
[so^cholesterol alcohol, 140 
IsO‘Cratonic acid, 5 
IsO‘OlciCadd, j86 

• 

j 

Japan talbw, 139 

~ wax, 142,146, 151. I5.> 

Japanestklacuuera, 136 

— sardine oil, 15^ 

* 

K 

Karitc oil, 130 
Kauri gum, 138 

Kayser oil hardening pmce^'., 113^ 114 
Kettles, meal healing, 43 h 45 
Kitchen waste, fat from, ifj-20 
KocUstorfer value, fi>r hotter, 1^7 (see aho 
Saponificalion values) 

L 

Lacquers, (35 c/ 

I -ambert, 363 

• Lances hydrogen process, Joi, no 
- oil hardening process, io6-jkj 
-- costs of) lJf>, J20 
f,ano]m, 14, 15, 141 
™ alcohol, 140 

l.aiid, 12, 13, 90, 91, 92, t28, (42, 145. '5', 
' 53 . 154. ' 57 . ijii 
’ - manufacture of, 12, T3 

— properties of, J2S, 143, J45. 151, 153, 154, 

,157.158 

— refining of, ya, 91, 93 

— oil, 14,23, 128 
-- stearin, 14, 176 

— substitute, 93, 176 

Laurie acid, 4, 152, i^j6, 202 
l^urln, 4 ■ 

Leatl acetate, use as drier, 134, 135 

— Jinolcatc^ use as drier, 134 

— oleate, use as drier, 134 

— r6sinate, use as drier, 134 
Leather enamels, ^131 

Lessimg^s oil hardening firocess, 1 19 
Light, bleaching action on oil, 80 
Lime, 9*ponirfcatlotfoffats by, 1S3, 184 

— soaps, 6 

Lindo-Caro hyA^gen process, loj 

Linolein, 5 

Linolenein, 5 

Linolenic acid, 5 

Linoleum, 137, ^38^ iJ9 

Llnolic acid, 5 , 

Linoxyn, 133, 137, 13B, 139 
Linseed, treatment for oil, 53:^54 

— yield of oil from, 55, ^ 

Linseed cake, 53, 54, 5 S 


I Linseed oil, bleaching of, 90 ' 

I — driers for, 133, 134 
I — hardening of, 120, 123 
; — oxidation of, 133, 134, 137 

! -- properties,JJ 3 ,14::, 

1 ^ 9 ^. 

j — solidified, *37^139 
j — tests for, 133, l^> 

I Linum usihiiissimumy 133 
Liouid driers, 135 
LiinargC) action as drier, 134 

— saponification of oils by, 135 
Lubricating oils, 23, 85 

M 

Magnesia soaps, 6 
Magnetic separator, 60 
I Mahwa butter, <30, 142, 145 
I Mai/eoil, 132, 142,144,151, 159, 196 
^ Manganese borate, action as oner, 134 

— carbonate, ^:ticm as drier, 134 

— dioxide, action as drier, 133, 134 
I - dioxide, action ou oiis, 88 

j - hydroxide, action as drici, T34 
I - Imoleate, action as ^'Lier, 154 
j -“ oleate, action as drier, 134 
oxidate, action as drier, 134 
I - rosinaic, action as dtier, 134 
I — sulpbalOiction a£ drier, 134 
I Margaiic aMd, 4 
I M,'xrgaiinr,93, ifi7, 173) 179 , 
i — analysis of, 175 
! — colouring for, 175 

— composition of, 173 

^ detection in butler, ihy^ 175 

— ilistinctiim from butler, 1^7, 175 
■ manufactuie, 174, 175 

— refractive index of, (67 
KeiLherl-Meissl value for, 167 

! -- sUtlstics, 176, 177, 170, 179 
tests for, 175 

Margarine cheese, 93, i7fi 
Marine animal oils (see Fish oils) 

Martinis oil hardening process, mi, 112, 113 
Maumenc test, 1O2 

I MaxtwVs hydrogen process, 101, 103 
I —oil hardening installation, 103,104,105,106 
I Meal, fish, 32-36 

— heating kettles for, 43, 45 
Medullic acid, 4 
Medallion, 4 
Melanorrhea, 136 
Melissic add^ 4 . 

Melting points, deiermination of, 153 

— of fatty ^ids, 189 

— of oils, list, 144, 145, 146, 147, 153 
Menbaden oil, 3,142, 146, IS7 
Metal turnings, oil frpbi, 23*28 
Milk, ripening for m^rgarin^ 174 
Mineral oils, conferslotiiimo fatty adds; 494 

— detection of, 155 
t Mobrah butter, 130 

Moisture, estimation In butter, 166 
~ estimation in oil, 156,^00 

— removal from oil^ 85 
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MqpoglycerJdb^ 5 

Mot^r^'seed oilf t^o, r45f 

Moulding machine for cake&i 4j> 44, 43 

Mustard otJ, 5 i, 137, 142, 144 

Mutton fat oils^ 157 

Myrjcan, 139 

Myricyl alcohol, 139^ T40 

Myristic acid, 4 166 

Myristka oj^cinaf^ \ 39 

MyrUtin, 4 

Myrtle wax, 130^ J42, 140 

. ' N 

Natural vaVnishes, 136 
Neat*S‘foot oil, 33, 12^ [43, 145, 153 
Nickel, in hardening fats, l33, 133 

— separation from oil, 103, loG, 109, n4, 1 xS 

— teat£] for, 123, 123 

Nickel chrlmtiaie, reduction of, no, lj 8 
Nickel carbonyl, use in hydrogenating; fats, 
too, 119 

ftickel catalyst, 97, gS, 100, loi, 103, iof», 
toft NO, iry, mB 

— ai;tivity of, too 

— carriers for, iocs 'o' 

— preparation of, too loJ, 103, tc6, tog, 

[ 10, riB 

—. protection from OKklalJon, ,100, 106, 109, 
T17, ns 

— sensitJveness ol, roi 

Nickel oxide, reduction of, loo, loi, loj, 
tog, 117, nB 

Niger-seed oil, 132, 142, 144 
Nitrated oib, 131 
Nitrocellulose varnishes, 

Nondecylic acid, 4 
Nondecylin, 4 

Non-drying oils, 127, 33a, J42, 145, 
Non-glycerides, 139 r/ srg 
Normann hydrogenation processes, J02 (see 
also Normann) 

Norsk Hyderings Co., hydrogenation pro¬ 
cess, r 18 

Nutmeg butter, 129 

Nuts, merchantable standards of, 197 

0 

Octodccyl alcohol, 140 
Offal, fat from, ii, 14, ir>-20 

— fish, 32 

Oil, almond, 130, 142, 143, 145, t5i, 154, Jb2 
~ Arachis, 130, 151, iS3j,tS7, 

— Arctic sperm, t42, 147, JS7 

— ben, 142, 145 

~ black mustard, 132 

— bone, 131 

” bone tar, 131 

— bottlenose, J40, 142,347" 
ca9dle-nut,*i32^ *4^)144 

— castor, I30i 142. M5i 

— Chinese wood, 132 * 1 

— coco-nut, 59, 60, jag, 142, 146, x$\, 153, 

1^4, 157, 15a. *59’ 

^ coddiver, 31, 1*42, i 4 l 5 , J5i> ijj^ iS 4 i IS 7 


Oil, colra, 23, 6r, |3t, t$t 

— com, 132 

— cotton-seed, 23, 12J, J22f 123,' 131, 143, 

*44. 153. 154, 157.'9^ ' * 

— croton, J30, 142, 14s, 15J, 1S7. *59 

— doegling, J40 • 

™ dolphin, 140, J42, J47. 15S1 159 

— earth-nut (see Arachis) 

— grape-seed, 130, 142, 14S 

— ground (see Arachis) 

— hempsced, [32, 142, 144, 153, t57 

— herring, 3*, 32,33 
horse foot, 128 

— Japanese sardine, 153 

— lard, 23, r28, \%2y 145 . « 

™ linseed, 90, 133, 137^142, i44. 151. *53. 

154. 157, r 

— luai^e, J32, J42, J4^, J51, 159, 196 

— menhaden, jJ, 142, 145. Mb. iS7 
mustard, 6t, 132, 142, 144 

— mutton fat, 157 

— neatVfoot, 23, 128, 142, 145, 153 

— Niger-sced, 132, 142, 144 
ol^ [28 

— olive, 23, 57, 58, 130, 142, 14s, 151. 153* 

154* i57i tS9 

— palm, s8, 59, Sg, yo, J29, 142, *145, 151, 

153* 157. 159 

— p;dm-kemel, 58, 59, 129, J42, 14b, 157, 

158, IS9 
pea-nut, Jjo 
pejich-kernel, 130 
plum-kernel, 130 

— poppy-seed, 61, t32,142,144,153,157,158 
porpoise, 142, 147, 15?, 158, 159 
pumpkin-seed, 132, 142, 144 

• rape, 23,61,131,142,144,153,157, i59.'96 

— red, 189 

— resin, 23 

-- sardine, [42, 14G, 157 
seal, 32, J42, M7. ^57 
^ sesame, 13J, 142, 144, 151, 157, ^59, J96 
shark’s liver oil, [57 
sheep^s foot oil, 12S 

— soya bean, fir, 132, igfi 

— sperm, 31, 140.^42. H 7 > i54. ^37 

— spirit, 141 

— sunflower, 61, 132, 142, r44, [57 

— sweet, 131 

— tallow, 23, [28, 142, i4fi 
tung, r32, 151, 153, JS7 

— walnut, 132, 142, t44, 157 • 

whale, 31, 33. i3j, J22, 123, 142, M7, [51, 

153.'57 * * 

— wood, 132, M=. 144 

— cloth, 137, ^ 3 ^ 139 

— filters, 83, 84, 85 

— palms, 58 

— presses, 45, 46,47, 48, S4 
seed cake, statistics, fi, 7 

— separation, centrifugal, 25 
^ — varnishes, I35 

4 Oils, action «pair on, roS, 109 
: — acLon ofSeoching agents on. Be 
I — acfion of cnrtfiuate on, 83 
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Oils,* action of peroxides on, S9 

— action ^persalts on, 3 S 

— advantages^ diRerent methods of ex¬ 

traction, 75 

— bleaching^jr chemicals, SS 

— bleaching by light, 80, gr 
bleaching by hydrogen, 80 
blown, 13 [ 

— caustic^Ma treatment of, S4, 85 
^— China'clay treatment, 79 

— classificatiort of, 127 

— cooling, 79 

decolorising by carbon, 79, 90 (see also^ 
Refining, Bleaching) ^ 

— demar^lnation of, 92, 93 

— deodorisation o^ 79 seq. 

— difference from fats, 4 

— drying, 85, to6, io;#iz7, [32, 142, J44,162 

— edible, refining plant for, 86, S; * 

— extraction by pressure, 39-61, 75 

— extraction by solvents, 33, 65, 75 

— fatty acids in, 79, 80 

— filtration^of, 24, 2j, S0 B5 

— fish, 23, 31, 32, 36, i 2 (, 128, T42, 146 

— from metal turnings, 23-2B 

— fi-om swarf, 23-38 

— Fuyei'*s earth treatment of, 90, 91, 92 

— green, 

— hardening of, 97 €t t22, 123 

— heat treatment of, 79 
Hehner laJue for, 158 

— hydrogenation of, 97 ci 

— impurities in, 79 ft ^fq* 

— insoluble fatly adds in, 155, 159 

— lubricating, 23 

melting points of, 14^, 14^, 146, 147, 153 

— moisture in, test for, 156 

— moisture removal fmm, 85 

— natuL'e of, 4 
" n^ratedi 131 

— non-drying, 127, t42, 14$ 
oudisation of, 79, 80, [31 

— purification of, by alcohol, 85 

— reducing, 80 

—- refining of, 79 ft 

— refractive indices of, 145, 146, 147 

— saponification by ammonia, 1S7 

— saponification by colloidal metals, J87 

— sapflnifica'tion by enzymes, 187 

— sa^lbnification by lime, 183, 184 

— saponification by litharge, J35 

— saponification by red lead, 135 

— saponification by sulphuric acid, r&t, 18; 

— saponificatiori by'Mitchell’s process, 1S6 

— semi-drying, 127, 131, [42, 144 

— separation oibnickel from, 103, 106, 109, 

114, TiS 

— sodium peroxide bleaching of, S9 

— solidifying points of, 144, 14$, 146, [47, 

'53 

— soluble, 23 ^ ^ 

^ soluble castor, 131 

^ soluble fatty adds in, 158, 1^ 

— solvent extraction of, 33, J4.^5» 75 • 

^ specific gravity of, j 5 j ^ 


Oils, statistics oC 6, 7 

— steaming of, 79, ^ 

— stearin from, 93 

— sulphotiated, 131 

sulphuric acid treatment of, S7 

— tanrang, 80 

— treating with FulleHs earth, 79 

— turkey red, 131 

— varieties of, 127 ftseq. 

— volatile soluble fatty acids of, J59, 160 

— winter, 93 

Oily rags, oil from, 24 

Oleic acid. Si 97 t JO0i JS 7 i ' 9 ^ 

J 93 

— candle material from, 192, 193 
hydrogenation of, 97 

— iodine value of, 157 

— - palmitic acid from, 193 
^ presence in butler, [66 

— production of, 189 

— stearic acid from, 97, 193 

— volume of hydrogen for hardening, rod^ - 

ioi 

— waste, 192 
Olein, 4, S 

Oleo margarine, 6, 7, 157 

— oil, Jj, 14, ['28 

— stearin, 13, 14 

Olive oil, 33. S 7 i 58, Jjoj '4^, MS. 

154, 157,'158 • * 

— Hehner value far, 158 

— iodine value of 157 

— manufacture, 57, 58 
meltingr point, 153 

— properties, 130, 14^1 '45 . 

— Reichert value of, J 59 

— saponification value of, 154 

— specific gravity of, 151 

— use as lubricant, 23 
Olive-kernel oil, 130, 142, 145 
Oxidisation of oil, 79, 80 
< 4 xidised oils, [31 
Oxystearic acid, 1B6 

Ozone, action on palm oil, 90 
Ozonised air, action on oil, 80 

P 

Palladium, catalytic, 100 

Pilni oil, 59, 89, 90, 129, 142, Hi, 15I1 

153.157,158,159 

— bleaching of, 89, 90 

— Hehner value for, 158 

— iodine value for, 157 

— manufacture, jS, 59 

— melting point, 153 

— properties, 129, M^i J4S 

— Reichert value.for, J59 

- specific gravity of^ iS I ^ 

Pa]m’ke(7iel oil, 5?, 59, M9, [43, 146; 157^ 
158, 176^ T96, 197 
^ Hehner’s value for, 158 

— iodine value of, T37 

— manufacture, 58, 59* , 

— Ijroperties, 129, 142, 146 
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, Paljn-kefiiel oit, Reichert value forj j 59 
» silver salts of acids of, 176 

— standard, 196 

— volatile fatty acids of, 176 
Palm kernels, 40,197 
PaJmitic add, 4, x6rtj rSg, 1^9 

4 

i^nrafTin wai:, detection of, 155 
J’ea-nut oil, 130 
Peach-kernel oil, 130 
Pentacblorethane, 66 
PentacWoretbyleoe, 66 
Pentadccatok: acid, 4 
Pentadeca\oiti, 4 
Ptrlar^^onic Rci<i, 4 
Perla^onio, 4 

Peroxides, action on oil, 80, 89, 90 
l^ersaits, action on oils, 88 
Petroleum ether, solvent, 65 
Phytosterol, t 33 , 140, rs5 
Pitch, (41 
^ candle;, 188 
Pig food, 20^ 35,36 
Platinum, cataWtic, loo, 1S7 
Plum-kernel oil, < 3 P 
Poison, castoT-seed coke, 57 

— rape-seed cake, 6j 
Polenskd value, 160, iCi 
Poppy-seed oil, 6t, 133, T4-, 144, [57, 138 
" Hehner value fbr, 158 

— iodine vdlue of, 157 
properties of, 133, r 43 , 144 

— press cake, fji 

Porpoise oil, 142, ^47, 157, r58, ^59 
» Potassium salts,-from sheep washinR?, 15 

— persulphate, 88 
PottePs oil filtration plant, 83 
Poultrif, fish meal for, 35 
Preliminary re<luction machines, 39, 40 
Preservatives in butter, tests, 169 
Presses, hydraulic, for oil, 45, 46, 47, 48, 54 
J^ressing fatty adds, iBS, 189 

Pressure extraction processes, ailvantages 
of »75 

Price's Patent Candle Company, candle¬ 
moulding machine, 191 
Propionic acid, 4 
Propionin, 4 

Psylloatearyl alcohol, 140 
Pumpkin-seed oil, 133, 142, 144 
Pumps;, hydraulic, 48 

— oil, 106 
Pycnometer^ 152 

R 

Rancidity, 152 

Rape oil, 23, 61, 131', 142, 144, IS3, 157, rs 9 , 
196 ' I 

— iodine value of, 157' 

™ melting point; 153 

properties, 131, 142 144 
^ Reichert value for, 159 

— standards, 196 

— use as lubricant, 23 
Rape ^fod, 61, 197 
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Rays, actinic, action on hydrogen, 100, nB 
Redndeic acid, 5 ^ . : 

Recinolein, 5 * , ^ 

Red lead, drying action of, 133, 135 

— saponification of oils by, 13; 

Red oil, 1B9 ' 

I Refining plant for edible oil, 86, 87 
Refractive index, 144, I 45 i ' 47 , 

■ 167 

—- of butter, 167 

— of margarine, 167 

™ of oils, 144, I4^ 147, 

-Refractometers, 152,167 
Reichert'Meissl vvilues, 143, T59 
Rendering tanks, j 1 
Resin oil, 23 ^ 

Khus^ 136 

Rhus vernkiftra^ 136 
/iVV/nff,V 130 

Rolls, Anglo-Americ an, 41, 42 

— final c rushing, 42 

— for seed crushing, 39-42 
Kosinates, driers, 134 
Rosinic add, 134 

s 

Saffron, 167 

Salirylir arid, tests for, 169 
Salt, estimation in butter, 166 
Saponification value, 123, 142,153, 154, 202 
Saponifiers, Twitchdl, 187 ’ 

Sardine oil, 142, 146, 157 
Scrim, 137 

Seal oil, 32, 142, 147, 157 
Seed c'ctraction plant, 72, 73, 74 
Seeds, ck^corticating of, 42 

— merchantable sLandaiiJs of, 197 
Self-fitting candles, 191 
Semi-drying oils, 127, 131, 142, 144, 156 
Separator, magnetic, 60 
.St'same oil, <33, 131, 142, 144, 151, 157, 

196 

— iodine value, 157 

— properties, 131, 142, 144 
— Reichert value for, [59 

— specific gravity of, 151 
-- test for, 123, 196 
Sesamum indkum^ 131 

— orkniaUt 131 
Sewage, fat from, 14, 15 
Shark-liver oil, 157 
Shea butter, iy> 

— nuts, 130, 197 
ShEep*S“foot oil, 128 
Shukoffoil hardening process, 119 
Silver salts of coco-nut oil adds, 176 

— palm-kernel oil acids, 176 
Sitosterol alcohol, 140 
Skins, extraction of, by solvents, 68 
Slaughter-house refuse, fat from, 16, 2o 
Slicing machine, 18, 19 
Soap, 6, 1 i,pBo, 120, 12J, 187 

— ammonia, 187 

— hardened fat-for, T20, 121 

— fining oil by, ft? 
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S«ap ftb^ evaluatioa of. 304 

«6od^l,i^a *- 
^oditim^roxidet action on oilSf 8g 

— BtearatCi 6 
SojaMptdb, 133 
—132 
Sdjdified linseed oil, iVy 138, 

Solidifying^ poiots of faCi 

1^*147.153 

— pomts of ailt, 144,14S, 146,147.153 
Soluble castor oils, 131 

— fatty acids, tests for, 158, 159^ 160, 

. i6[ 

SoiTent^tractioi], adv^tages of, 75 
—' cold process, 67 

hot process, 06 e/ seq. 

Solvents, industrial, 6f, 66 
Sores, &om lubrjcatmg^ oils, 25, 26 ^ 

Soxblet apparatus, [55 
Soya bean, 61, [97 
Soya bean oil, 61, 196 
^ hardening of, lai, 122 

— manuftcture, 61 

— properties, 132, 196 

— press cake, 61 
Specibg gravity of oils, 144, 145, 146, 147, 

-151, 1^3 

— determination of, 152 

Sperm oil, 31, 140, 142, 1471 1547 '57 
^ — iodine value ofj 157 

— properties, 140, 142, 147 

— saponification value, 154 

Spennaceii, 1407 1417 i47* ^54^ i 57 

— iodine value of, 157 

— properties of, i4[, 142, 147 

— saponification value of, 154 

— specific gravity of, 151 
Soirjt oil, 141 

— varnishes, 136 
Spratt’s oil subsider, 25 
Starch In oil, estimation of, [^6 

Stearic acid, 4] 160, [88, 189 

— presence in butter, 160 

— production of, 18S, 189 

Stearin, 479^, 93 * 

— fish, 128 

Stearo*lactone, [92, 193 
Suetsubstttmes, 176 
Sulf bonated oilS) 131 
Sulphuric acid, refining oils by, Soi, 87 
Suipbobenzenestearic acid, 186 
SulpnohydroxyStearic acid, 185 
Sulpbi^phthalenc'Stearic acid, l 86 
Sulpbosftoaric acid, 192 
Sulphur dioxide, action on oils. So 
Sulphuric acid, refining oils by, So, 87 
^ saponification of fats by, 

Sun bleaching of oil, 90 
Sunflower oil, 61 
^ iodine, value of, 157 

— p(ropert]es of, 132, 142, (44 * 

— press cake, 61 
Swarf, olt from, 23*28 
Swoet oil, 131 
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Tallow, Chinese vegetable^ 129 

— Heifer value for, 158 

— iodine value of, 157 

— Japan, 129 

-- manufecture of, n 

— melting point of, 133 

— properties, 127, 142, 146 

— Reichert value of, 159 
spedficgravityof,iSi 

— vegetable, 142, i^, 153 
Tallow Oil 2^ 128 

T ankage fWliliaer, 12 
Tanking oil, 80 
Tar, bone oil, 131 
Terebines, 135 

Test nip’s oil hardening apparatus, 115, 116 
Tetrachlorethanc, 66 
Textile soap stock, tSg 
Tiglic acid, 3 

Titreoffattyaclds, 144, 145, 146, 147, 153 

— determination of, [53 
Transparent candles, 192 
Trichlorethylene, 66 
Tridecylic acid, 4 

I Tridecylin, 4 
Triglycerides, 4, 5 
Trilinolin, 127 
Trlmetbyiafnine, 128 
Triolein, 4' 

I — conversion into tristearin,^7 

— hydrogen required for hai^ening, loo, 

ro[ 

' Tripalmitin, 4 

! Tristearin, 4, 6^ 7, 97, 183. 185 
i - from triolein, 97 
Tungates, metaJhc, 135 
Tung oil, 132, [51, T53, 157 
; — iodine value of^ 157 
I — melting point I S 3 
I - properties of, 132 
I — specific gravity of, 131 
I Turbine centrifugal fat extractor, 16, [7, iS, 

! — centrifugal oil filler, 83, 84, 85 
Turkey reo oil, 130^ 131 
Twitcheirs process of saponifying, 1B6, 187 

u 

Undecylic acid, 4 
; Undecylin, 4 

' Unsaponifiable matter, [4^7 ^$4, iJS* 

' Uvlpl lamp, 8a 


' Valcnta^s acetic aciddest, 161 

I '^alcric add, 4* * 

i^aterin, 4 « 

Vapoure, condensation^Of pflenslve, 32 
■ Vamish^, 13S et teq, 

' Vegetable oils, 130 stq. 

! — tests for, 155 
Vegetable tallow, 142, 146,153 



3i8 INDEX TO SUBJECTS 


solvents, industrial, 65 
^ inV>lubl« &tty acids, i6oy tGt 

— soluble fatty adds, 159 
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Wakefield grease, 14, [5, 140^ i4r, 142, 147 
Walnut oil, 137,142, 144 157 

— iodine value of, [57 
Walnut properties, iji, 142, 144 
Waste oleic acid, 192 

Water, estimation in butter, [66 

— fets, 156 

— varnishes, V36 

Wax, carnauba, 141, 142, 147 

— Chinese, 140 

— insect, [40 

— Japan, J42, 146, ici, 153 

— myrtle, 130, 142, 146 

— wool, 140/141 
Wax candles, rgr 
Waxes, i39e/.^iYK, 142, 147 

liquid, 140 

— nature of, 127 

— saponification of, 139, 133 

— solid, 140, 141 

— varieties 128 r/ 

Wesson process, 174, 175 

Wet .processes for hydrq§fenaiio:% 1 \y tt seq. 
Whale oil, 31, 32, 121, 122, 123, 142, 147, 
iSN * 53 . *57 ' 

hardening Of, xzi, 122, 125 

— hydrogenation of, 121, 122, 123 


Wliale oil, iodine value of, 157 

— manufacture of, ji, 33 

— melting point (rf, 153 

— properties of, 142, 147 

— specific gravity of, iji 
White fish meal, 33 
White mustard oil, 132 
Wicks, candle, 189 
Wjj^s iodine value, 156 
Wilbuschewitsch's process, 113, [ 14] *' * S 
Wimnjer-Higgins process, 118 ■ 

Winter oils, 93 

Wollny’s value, 139, 160 
Wood oil, 132, 142, 144 
Wool grease, [4, 15J139, 140, 141, ^2, H 7 r 
* 54.^57 , 

Wool wax, ^4, 13, 1^2, 147, 157 (see also 
Lanolin, Yorkshue grease, Wakefield 
grease) 

— iodine value of, 157 

— properties of, 140, 141 

— saponifir ation value of, 139, 134 
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Yorkshire grease, 14, 15 (see also Wool wax,- 
liradford grease) 
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Zinc chloride, refining oil by, 80 
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